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3. Introduction:

Our work during the past year has concentrated on three areas: o

210 210

- 1) Completion of the studies of Pb and Po in both dissolved

and particulate states in a -transect of the equatorial Northern

Atlantic Ocean.

210 210

:,2) Continued studies on the particulate matter, Po and Pb~

distributions in the Gulf of Maine.
3) Preparatibns for our participation in the 'Fladen Ground

Experiment .1976' (FLEX 76).
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1.' Distribution of Lead-210 and Polonium-210 between soluble and

particulate phases in the Deep North Equatorial Atlantic Ocean.

During the past year we have completed our investigationé of Pb-210
(t1/2=22 yr) and Po-210 (t1/2=138 d) distributions in sea water and |
suspended matter samples collected during Cruise 32 of the F/S METEOR.
Completed descriptions of the results are given in later sections of
this report and in the accompanying thesis of Dr. M. P. Bacon.

- ‘The principal objective of these studies is to further qnderstand
the mechanisms and rates of scavenging and transport.of.meteriais by
particuiete matter iﬁ'the sea. The distribution of a substance in the
ocean is influenced by the mechanisms of its infroduction and removei,
by water motidns and by the ektent of its ineorporation and transport in
“particulate phases. Measurements of both natural and artificial redio— ,
nuciides‘offer some unique insights into these processes.

The natural radiotrecers Pb-210 and Po-210 were chosen for study
‘because earlier report§ indicated that their half-Tives are long enough
for measurable radioactive disequilibria to be maintained by processes'
operating in the oceans, but short ehqugh that their activities in sea
water can be measured with reasonable ease. Further, these tracers are
supplied to the ocean principally by in-situ‘decay of their parent

210

nuclides (except for Pb in the mixed layer, most of which is formed

in the atmosphere), and their rates of supply can thus be accurately

determined.




‘2]0

“100-300 m,
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The distribution of Pb and

Po in dissolved (<0.4 micron) and

particulate (>0.4 micron) phases has been measured at ten stations in the

tropical and eastern North Atlantic and at two stations in the Pacific.

_.Both radionuclides occur principally in the dissolved phase. Unsupported

2]OPb actiVities, maintained by flux from the atmosphere, are pfesent in

the sUrfacevmixed layer and penetrate into the thermocline to depths of .

about 500 m. Disso]ved~2]OPo is ordinarily present in the mixed layer

“at less than equilibrium concentrations, suggesting rapid biological"

removal of this nuclide. Particu]ate matter is enriched in 2mPo with

/Z]OPb act1v1ty ratios greater than 1.0, similar to those reported

»for phytop]ankton Box-model ca1cu1at10ns yield a 2.5 y residence time

210 210

for Pb and a 0. 6 Yy residence t1me for Po in the mixed layer. These

residence times are considerably longer than the time calculated for

turnover of particles in the mjxed ]ayer (about 0.1 y). At depths of

210, 2mPo is frequent1y present.

210

Po maxima occur and unsupported

Calculations indicate that at 1east 50% of the Po removed from the

- mixed layer is recycled within the thermocline. Similar ca]cu]ations

210;

~ for Pb suggest ‘much Tower recyc]1ng efficiencies.

Comparison of the L]OPb distribution with the reported d1er1but|un

226

- of Ra at nearby GEOSECS stations has confirmed the widespread exis-

210, ,226

Ra disequilibrium in the deep sea. Vertical brofi]es

of particulate 210p, ere used to test the hypothesis that 210Pb is

tence of a Pb/

removed from deep water by in situ scavenging. With the exception of

one profi]e taken near the Mid-Atlantic Ridge, significant vertical




gradients in particulate 2]OPb concentration were not observed, and if

isAnecessary to 1nvoke exceptionally high-partic1e sinking velocities to

210

- account for the inferred Pb flux. It is proposed instead that an

additional sink for 210

Z]OPb/

Pb in the deep sea must be sought. Estimates of

the dissolved 226

Ra activity ratio at depths greaterAthanAl,OOO.m
range from 0.2 to 0.8 and reveal a systematic increase, in both vertical
and hofiZonta1 directions, with increasing distance from the sea floor.
This observation implies rapid scavenging of 210Pb at the sediment-water |
intefface and is consistent with a horizontal eddy dfffusivity‘df

- 3-6 x 107 cmz/s. ‘The more reactive é]ement Po, on the other hand, shows

evidence of rapid in situ scavenging. In filtered sea water, 210

210

Po is

Pb; a corresponding
210P

~deficient, on the average, by ca. 10% relative to

enrichment is found in the particulate phase. Total inventories of
210

b

-and Po over the entire water column, however, show no significant

-departure from secular equilibrium.
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2. " Polonium-210 and Lead-210 disequilibria in the Gulf of Maine

Introduction

As part of a continuing effort on the study of element partitioning
between dissolved and particulate phases in sea water we initiated, last |
year, a program to determlne the distribution of part1cu1ate and dissolved

Pb210 and PoZ]0

in the Gulf of Maine.

The Murray-Wilkinson Basin in the Gulf of Maine is a unique area on
the eastern continental shelf of the Unjtéd States because of its rela-
tive]y stable deep water sfructure; Deep water in the Gulf 6riginates in
intermfttent flows thrqugh the Northeast channel. ’This‘water.is princi~
pally slope water and coastal water of Labrador origin. .The deep water
temperature and sa]inity responds to variations in the compositions and
relative proportions of these waters enterlng the Northeast channel.
However, Colton (1968) has shown that the Murray- w11k1nson Basin bottom
'water is least affected by these intermittent variations. Further, Colton
~and Stoddard (1973) have shown that the average bottom water femperatures
.encountered in the deep'part of the Murray-Wilkinson Basin tend to be
»‘re1ative1y'constant} t | |

“ Renewal of deep water in the hasins of the Gulf of Maine occurs both
by input trom the Northeast channel and by annuai overturn. However, the
5tabi1ity of the deep water in the Murray-Wilkinson Basin indicates that
the annual overturn following the breakdoWn of the summer thérmoc]ine
raré]y affeqts the deep water. Hydrographic data from Ketchum (1968)

"and Spencer and Sachs (1970) indicated that for the years 1966-1967 tHe
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depth'of the'surface overturn during the winter was to about 75 to 85
meters. During our cruise in January 1975 we fouﬁd~a simi]ar depth of
overturn.

These data, together with supportive data of nutfient'and dxygen
concehtrations, suggest that the renewal time of deep water in the
Murray-Wilkinson Basin may be considerably in éxcess of one year.

The stability of the deep water column is important for it gives

" us the opportunity to d1sentang]e effects due to short t1me scale events,

"~data and water and part1cu1ate matter samp1es for Pb

that wou]d not be possible in other shelf areas.

The Murray=w11kinson Basin is an elongated (NNWﬂSSE) depression in
‘the sea fToor,labout 80 miles Tong, which reaches a maximum depth of
about 285 meters. It is open to the-east and soutﬁeast; where the
Rodgefs passage and a passagé to the Franklin Basin form sills of about .
185 meters depth. To.the north, a channel connected to-fhe Platts Basin
“has a sill of about ‘170 meters. The Franklin Basin fs a southwestward
extension of thé Gebrges Basin ahd is connected to the open North Atlantic
Ocean with sills deeper than 200m. The deép part of the basin is sb]it
by the Wilkinson divide, a ridgerf about 250 meters depth whiéh separafeS’;
the Wilkinson and Murray Basins. |

During ATLANTIS II Cruise 86 in Jdnudry 1975 we colleéted hydrographic
210 Po210 and stable

‘trace element stud1es. At this time we have comp]eted the radioisatope

analyses and this report summarizes our preliminary observations.
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Detailed hydrographic data was presented in last year's report (Spencer,

1975) but a brief summary is included here.

-Hydrography of the Murray-Wilkinson Baéin

During Jahuary 1975 the sa]jnity and temﬁerature data_co]]ected sHow'
that conditions existing now in the deep Gulf of Maine are somewhat
different from those of previous decades. ' A succession of mild winters,-
~particularly 1973-74.and 1974-75 has led to warmer water. compared. with
ear]ier years. ' . |

The salinity and temperature distributions along the section identi-

fied A-A', B-B! and c-C!

in.Figure 1 are ' given in Figufesvz to7. A
composite plot of potential temperature versus sa]infty is_given in
Figure 8 and this shows that with the eiception of three of the most

‘ ‘easterly stations, there is a very 1Tmited-verfica1.rahge in tempera-
ture (betweeh about 6.6°C‘and 7.8°C) and that most stations are char—.
'acterized by a major inversion in the temperature profile. Surface

3 Watér, with a density of about 26.100T had a rangé df fempefatufe from
about 6.98°C to 7.70°C and a salinity range from 33.165%. to 33.402%.
‘The tWo easternmost sfations~(2141 éﬁd 2142) have the'Wafmest éurfacé
water and mid-water warm cores that reach temperatures of 8.69°C.
These stations are closer to the central region of the Gulf of Maine
~and probably represent a residual of fsdmhér" water that has been less

well mixed with the colder fresher water in the major gyre. A "residual"

warm water core is present at about 140m depth in all of the stations

(see Figures 2, 4 and 6). In the deep water a major feature is a cold
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water core which is most pronounced in the southern regfons of the basin. -
At stations 2144, 2149 and 2154, temperature minima of 6.60°C, 6.77°C and '
6.65°C occurlrespective1y at depths of 156m, 164m and 160m, with salini-

- ties of 33.657%0, 33.798%. and 33.700%.. This cold layer persfsts |
throughout the basin at about 180 to ZOOﬁ depih but is at a makimum

: thicknesé at the southern end. Figure 6 shows that at the horthekn end
of the basin, the cold water core is thickest toward the‘Westefn slope.
"This suggests that the cold water core may be part of the major gyre and
represent a mixture of Labrador Coastal Water and Slope Water advecting

lin from the Franklin Basin. Although a nnarrow passage with a debth of
about 185m connects the Wilkinson and Franklin Basins,bthere is a very

broad sill with a depth of about 160m corresponding to the depfh of ‘the

- cold water core in the south and east.

Below 200m, in the deepeét portions of the basin, the bdttom water
has températures from 7.20°C to 7.35°C and salinities from 34.080%. to
~ 34.165%,. Bottom water temperatures of ébout 7.2?C are prinéipa]]y '
.Arestricted to the Wilkinsdn}Basin. In thé Murray Basiﬁ, sucﬁ temperatures 1
occur only .in the very deepest portions. toward the southern end. This is
undoubtedly due to the more extensive mixing with the cold waler core
1mméd1ate|y above and the presence of the Wilkinson divide which restficts
the circulation of -the bottOm water. Station 2142 is unfque in having |
“bottom water temperatures of 7.85°C at 205 meters with salinities of
34.270%.. This salty warmAwatef is probably connécted to the deep warm B .

‘water core of station:2141 and probably represents deep water from the
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Norfheast Channel of predohinant]y Slope weter origin with a salinity of
about 35%. and temperature of about 9°C (McLellan, 1957).
The relationships between salinity and both dissolved oxygen and

'si1icate are shown in Figure 9. Each relationship may be described by )
essent1a11y ‘three Tinear sections representative of 1) mixing between

the h1gh oxygen and 1ow silica surface water and warm m1d water core.of
~salinity.33.5%,, 2) mixing between the warm water core and the cold wateh
core of salinity 33.75%., where a marked decrease in oxygen and increase’

in s111cate are observed and 3) mixing between the cold water core and
the bottom water of s]Jght1y Tower oxygen and higher silicate: The oxygenA
’and silicate concentrations of the cold water core are consistent with its
»origin}in a mixture of Labrador Coastal Water and Slope Watef. ‘The
‘bottom water Has Tower okygen and higher silicate than would be expected

in either the Labrador Coastal Water or S]ope Water and may indicate some

in situ ox1dat1on, during a. re1at1ve1y long res1dence time of the bottom

water in the Gulf of Maine.

Lead-210 and Po]onium—Z}O Distributions

Sampling and Ana]ytica]‘Methods

Water and particulate matter samples for szjo and POZ]O were
collected at stations 2122, 2138 and-2151 using methods described by
“Bacon (1975). The analytical procedures also fo]]owed those descr1bed

by Bacon (1975)
The plankton semples are subsamples of 20 minute'surfaee plankton

tows taken using a 158y mesh net of #10 nylon bo]tihg cloth. The plankton




were stored in one quart glass canning jars and preserved by. freezing.
The samples were filtered through preweighed Whatman filters. The

filters and plankton were weighed, dried overnight and reweighed to

obtain wet and dry net weights. The plankton was then recombined with
the fluid portions for subsequent digestion and analysis. For statfon
2128 the fluid and solid portions were ana]yzed separately.

| The samp]eS*were spiked with Po208 tracer and stab]e lead carrier
and dissolved us1ng a m1xed n1tr1c -perchloric-hydrofluoric acid digestion
with 150-30-10 mls of acid respectively. The d1gest1on was allowed to
proceed s]ow]y for 3 days and was taken to fum]ng perchloric acid to
insure comp]ete samp1e d1sso]ut1on and to dr1ve off the excess n1tr1c
acid. The samples were diluted with 2ﬂ_HC] and p]ated Qn‘s1]ver in
the uéua]'way from 200 m1 of solution. It was found that fhis plating
removed from 88 to 98 percent of the polonium. The samples were plated
again a few days later tq remove the residua].po]onium. The sums of |
the efficiencies from the two platings were from .996 to 1.069. It was
noted. that the 2]OPo to 208Po ratio was near]y identical for both p]at1nqs.

of the same sample.

~Data-

- Lead-210 and polonium-210 were determined in 20 liter unfiltered
water samples for a total amalyses and in samples collected from a
separéte,ZO liter water sample by fi]trationlthrough»0.45u Nuclepore

filters. The dafa,‘together With're]evant hydrographic and particulate




‘the dissolved Pb

"solved Po
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matter data, are given in Table 1. Table 2 gives .derived values of the
49disso]ved" isotopes from the differences between the "total" and

Fparticu]ate" data in Table 1. At one station (2138) we have determined

| the concentrations in two filtered sea water samples to compare with the

derived "dissolved" concentrations. For both lead-210 and po]onium—Z]O
it is clear that, within the error limits of our technique, these values

are the same. ‘Data from the plankton tows-at stations 2122, 2128 and-

. 2135 are given in Table 3.

. Vertical pfofiIeS-of the dissolved lead and polonium and the particu-
late Tead and polonium are giQen in Figures 10 and 11 respectivefy.‘ The
salinity and temperature proff]es at the‘same stations are given in
Figure 12~Whi]e the dissolved okygen, silicate -and inorganﬁc phosphate:
distributions appear in Figure 13. |

From these profi]es it is apparent that the surféce layer which
varies from 40 to 80 meters deep has virtually constant.dissolved lead

and polonium concentrations of about 1.6 dpm ]002_] and sim?]ar]y con-

stant particulate lead and polonium concentrations of about };]5 dpm

1

1002”". In the warm water core from 80 to 150 meters, which is

characﬁerized by a slight decrease in oxygen and increase in phosphate,

210 1

‘decreases  to less than 1 -dpm 1002" " while the dis-

210 jncreases to a maximum of 2.3 dpm 1002~ at about 120 m.

210 increases slightly to about =

210

In this same layer the particulate Pb
1.35 dpm 10021 while the particulate Po remains about constant. The

major pycnocline between the warm and cold water cores from 150 to 180 .

R .
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" meters is characterized by decfeases in all four parameters. The cold

‘water core appears to form slight minima in both dissolved and -particu-

210

late Pb while the PoZ]O'data do not appear to increase significdnt]y

as the bottom is approached. The total depth at all three stations was
between 250 and 265 meters. Figure 14 demonstrates clearly that, while
the surface mixed layer, to about 80 meters, appears to show equilibrium

210,,,.210

activity ratios of Po~ “/Pb s systematic disequilibria occur in the

‘mid-water -column. In the warm water core dissolved PoZ]O_is at a twofold
excess over dissolved PbZ]0 while the particulate POZ]O/PbZ]0 Eatios are
| 210,,,210

210, /Pb

systematically depleted in Po In the cold water core the Po
ratio in the particuiates decreases slightly and then increases gradu-
ally to near equi]ibrium values in'the_bottom'water. At statioﬁ Z151 in .
‘the Murray Basin, which has somewhat colder and fresher bottom water than
either station 2122 or 2138, in.the Wilkinson Basin, the near bottom

210 210/ b210

rat1os decrease s11ght1y with depth as the bottom is approached but Po

' part1cu1ates are still dep]eted in-Po The dissolved Po

210
. 1s still s1gn1f1cant1y in excess in the near bottom waters.

“Table 4 presents data on- the 1ntegrated concentrat1ons over‘three
depth ranges and for the total water column. The depth range from O to
80 m corresponds to the Qvertuandepth of the cooling surface water. Thel
range from 80 to i40 meters in. the residual warm water core and from
140 to 260 meters'represeﬁts the colder bottom waters.- It is clear from
these data that_even when integrated over.the.whole water column an

210

excess of Po is observed.




"Figure 15 shows the tbta1 particulate matter profiTes at each

Astation. The mixed layer has']ow and relatively uniform concehtrations
of particles which decrease s]ight]y into the top of fhe warm core layer,
‘which has the clearest water. Particulate concentrations increase
s]ight]y through to the baée of the warm .core and the cold ﬁore layer

has slight particle maxima at two of the,statioﬁs. A pycnocline

: betweeﬁ the cold.core and the warmer bottom water, occurring at abOuf
220 meters marks the dramatic increase in particulate concéntratiOn in

210 210

- the near bottom waters. The specific activities of the Po and Pb

are shown in Figures 16 and 17.

Discussion

210 210

The'significant excesses of Po "over:Pb have been aﬁ unexpécted
but important finding. They confirm the subsurface excesses'réported by
us from the open ocean samples and indicate that the remineraiizatﬁoh of
particulate -polonium in thé immediate subsurface of the ocean‘is 6ccurring
at a re]ative]& high rate (Bacon,v1975; Bacon et al., 1976). o

"The near,equi]ibriuchondition of -both: the dissolved and particulate
ratios in the surface mixed layer s in marked contrast to_our data from
.the north equatorfalvAtlantic Ocean where the surface layers are étrong1y
depleted 1nfdissolved:polonium-whi]e the particulate matter has an excess.

210

Further, the pronounced surface maximum in. Pb that is a consistent

feature of the open ocean stations is not.well represented in the Gulf of

210 . oncentrations of 15-20 dpm 1002"! are

common in the equatorial Atlantic which compares with 1.6 dpm ]001—] in o

Maine. - Surface dissolved Pb

-the Gulf of Maine,samp]es.'
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Recently, Bacon (1975) and Benninger (1976)-haye shown that the flux

210

of Pb into the surface waters of the ocean is dominated by an atmos-

pheric input from the fallout and washout of Pb‘?]0

222

produced by decay of

Rn ihtroduced-intq the atmosphere from the continents. The.flux of

210.

- Pb™"“"to the surface has been estimated as about 0.6 dpm cm2 yr"] for

the open ocean up to about 1.0 dpm cm'2 yr"] for Long Island Sound. In

.-our report of last year (Spencer, 1975) we discuss the calculation of the

210 2

atmospheric Pb

flux into Buzzards Bay -sediment to be about 0.7 dpm cm
-1 : ‘ :

yr

These flux estimates, together with others, are sufficiently consis-

210

tent that the atmospheric input of Pb into the Gulf of Maine is unlikely

to be greatly different from 0.7 dpm em™2 yr. lhen this figure is compared

210

with the:total integrated Pb'Y, in the Murray—Wi]kinsoh Basin water

column, of 0.576 dpm cm_z, it is clear that the residence time of Pb2]0

in the coastal waters is short.
Benninger (1976) has demonstrated that other fluxes (from rivers,
open ocean exchange, ‘ground water and in situ radium suppoft) make minor

210

contributions to the flux of Pb into Long Island Sound. .It is unlikely

that the situation is different in the Gulf of Maine. A conspicuous
feature of the Murray-Wilkinson Basin is.the standing.nepheloid 1ayerA
‘which we havé observed'nqw to be a quasi-permanent phenpmenon (Spencér
and Sachs, 1970). This layer, which probably represents bottom sediments

210—01d".particu]ate matter

to thé water column as is evident from the tendency of the Pozm/PbZ]0

resuspended by'tidal«currenté contributes "Po



ratios in the suspended matter to approach equilibrium in the near bottom.

If the specific activity of this recently resuspended material is about

20 dpm gm_] then it could contribute a maximum of 0.064 dpm en? to the

210

standing crop of Pb in the Water column and thé total due principally

to the atmospheric flux would be about.0.512 dpm cam2,

0.71 dpm cm™? yr 1 the residence time of pp210

At an input rate
in the Murray—Hi]kinson
Basin waters .is only 0.72 yr, which cdmpqres with calculated values of

2 . ' :
10 in open ocean waters.

about 2.5 yrs for the residence time of Pb
‘ This, together with the integrated excess polonium, strongly sug-

gests that the water column Ts not at a'steady state with regard to these

isotopes and it is highly Tikely that significant seasonal'vériations in

the.abundaﬁce and'distributfon of both Pb210 and poltd

in the water
column will be observed.

The data from the Gulf of'Maine show many similarities to those from

4

Long Island Sound, as determined by Benninger (1976). . Although direct

b210,‘P0210

measurement of the particulate P concentrations was not made

in Long Island Sound, Benninger uses the slope of regressions of total

Pb2]0 and'sz]O on total suspended matter to suggest specffic activities:

[ 210 210

of 12-30 dpm gm ° for Ph and Po” " and intercepl values of 0-U.012

'dpm:kg_] to indicate ]OW~concentrations-of "dissolved" isotbpes quite
comparable to our measurements given iﬁ Table 1.
~The.major difference between Long Island Sound and the Gulf of Mainel
is the quantity of'suSpended‘materia1~wh1ch dominates  the water column

210 210

distribution of Pb and Po in Long Island Sound but form variously
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about 50% of the isotopes in the.Ga]f of Maine. This is certainly due
to the shallower more highiy énergetic bottom conditions preva]ent.in
Long Island Sound and the greater occurrence of resuspended sediment
© loads. Aithbugh_it is highly Tikely that non-steady state conditions
exist in the isotope distributions and;‘as we surmised in our proposal,
seasonal studiés.will be necessary to determine the temporal variations,
- it is useful - to speculate upon the.nature of these temporal var%ations
and the extent to which the January conditions, as. recorded by us, could -
have arisen. | |

“The sbring p]ankton bloom in the Gulf of Maine occurs in April-May
with the establishment of a summer thermocline at about 50 m. Ketchum
A(1968) has demonstrated that significant but reduced productivity con-
‘tinues throughout the suhmer and then declines in October-November after
a fall bloom that accoﬁpanies the first winter storms. - Bacon et al. (1976)

210

have shown. that Po is markedly enriched in surface sUspended matter

under steady productivity conditions and Turekian (persona] communication)

210 in zoop]ankton "The data of

2]O/szm act1v1ty

has observed pronounced enrichments of Po
4Tab1e 3 1nd1cate that ‘the ]58u seston component has Po
ratios of 6.5-8.6.

It appears.pbssib]e that during the summer months.the surface could

210

be strong]y depleted in dissolved Po It is not uh]ike]y that the

excess dissolved PoZ]O;observed in the. deep water is the result of the

210

~remineralization of particulate Po grown-during the summer season.
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We might consider a simple model for the regenefation of dissolved

from particulate po]onium in the whole basin as"

dpo® = po? + APkl + g I
dt .
and
dpo” = -apo” - PoPs - 3+ apb’ 2
dt
wheré _ .
'PoD = activity Po210 dissolved
PoP = activity POZ]O particulate
A = decay constant Po210 = 1 833 yr-]
PbD = activity Pb2'0 dissolved
PbP = activity.PbZ]Q particulate
S = settling velocity _
J = production rate of disso]ved_from particulate PéZ]O
Solutions to- these equations .are given by |
poD = C]e-)‘t +3+pP - . 3
A }
Po” = e M)t 4 Py | | o
: ' SFS)y ‘ :

If we consider the time from the January date of the collection of our
..samples to the;Tast_major~input_of'qrganic,partié]es to_bé 4.5 to 6 months
“and, further, if we assume that the Po’/PbD ratio initially varied
.betweeﬁ 0.1 and 1 we may use these boundary conditfons’and equation 3 to

"calculate values of J-and the constant C, -and then calculate the intial




Pop_required to satisfy the conditions. If Such a value of PoP is unrea-

sonable then the model must be clearly in error. For example, if we

assume the‘regeneration period t to be six months (0.5 yr) and if we

. assume that, initially, at t = o, PoD=PbD then from equation 3 and Table 4
we get, assuming the»integrated PbZ]0 to change slowly
s sl
.308 = C] f x t .308 | ‘ .5
‘At t = 0.5, the measured conditions, equation .3 and Table 4 give
0.422 = C; 401 + § + .308 s

'SOIVing 5 and 6 simultaneously we get J = 0.35 dpmAcm-2 yr—1 (or 0.013
" dpm kg—] yr"]). '

In order to proceed further and use equation 4 we need to estimate
the settling veiocity S. ‘One method is to use the residence time of

Pb2]0

s ca]cu]ated earlier at 0.72 yr to estimate a particle settling
velocity of 260 m/.72 yr or 350 m yr'] which seems in reasonable agree-
ment with the velocitiééApredicted-by dthers'for fine partic]es in the
ocean. | |
If we-assume that Po and Pb-are transported at sfmi]ar velocities
we can use the same boUndary conditions at't'=-;5'ahd equatioﬁ‘4 to so1ve:‘:
for C, and then calculate po” the initial particulate po]onfum concentra-
Ation;- Iab]e’S illustrates the results of such calculations. | _
‘The range of vatues calculated for the'initial particu]éte POZ]O

concentrations are somewhat in excess of those measured during our

'col1éctions jn,Jahuary, but they are quite comparable with the determina-

210

concentrations,"

tions of Benninger (1975) in Long Island Sound, where Po




! t0 0.218 dpm kg .

principally particulate, range from .041 dpm kg~
- Further, the range of J from 0.013 to 0.036 dpm kg—] yr"l compares with
the similar rate of‘0.038'dpm kg-1 yr—] determined by Bacon (1975) for

210

the remineralization of Po“ "~ in the 100 to 300 meter depth zone of the

north equatorial Atlantic..
Furfher Work is necessary to validate and exténd theée ca]cu1ation$;
In the proposal for theAcoming year we are proposing a sﬁmmer cruise fo:
the Gulf of Maine in order to supply the summer contrast with our present
data. Also, we propose to set a series of sediment traps to obtain direct

- measurements of some of the particulate fluxes.




Tabie 1. Lead-210 and Polonium-210 in the Gulf of Maine. Cruise Atlantis II #86, January, 1975.

Station Depth Jemp Salinity Oxygen Silicate . Lead-210 : - i Polonium-2]0 Total . Particulate
(m) (°C) L e (ne 2-1)  (uM 2-1) (dpm 100¢-1) (dpm 1002-1) Particulate dpm gm-!
- , | 3 Total Part . Total Part (ug kg7l)  Pp210° 7 po210
2122 0 33.361 6.25 9.0 2.60+.20  1.05£.06 . 2.52¢.32  1.04%,09 88 119 - 118
-39 7.50 33.378 6.17 9.0 2.65£.20  1.24x.09 = 2.88+.38  1,29+.12 - " 90 138 143
80 7.69 33.455 6.17 9.0 ~ 2.93:.17  1.09:.06 3.07+.30  1.08z.08 100 109 108
‘117 7.7 33.451 6.16 9.0 2.92+.17  1.32:.06 13.38£.29 1.09:.12 % - 147 121
150 7.89 33.509 5.02 9.5 2.04x,21  1.37%.06 2.61£.30  0.68+.17 106 - 129 €4
175 €.96 33.792 4.72 15.5 1.38£,26  0.49z.09 1.93£.3¢  0.31%£.22 100 49 31
191 6.95 g 4.65 - 1.44+,23  0.89:.05 1.39£.41  0.61%.1 150 59 I
220 - 34.064 4.20 17.5 2.79£.23 . > . 1.94£.47 190 ,
248 7.36 34.187 4.00 19.0 2.53:.21 . 1.03:.08  2.83:£.38  1.00£.16 . 325 C32 0 3
© 2138 10 7.13 33.237 6.59 - 8.8 2.94£,20  1.32£.04 2.72+.35  1.10£.07 . - 75 176 147
93 7.76 33.5171. 6.17 .. 8.6 2.43+.19  1.05¢.08 2.68+.33  0.95:.14 - 4 256 - 232
181 7.05 33.980 4.43 15.8 1.39£.28  0.84+.08 '2.04+£.25  0.54%.17 - 83 101 . 65
210 7.10 34.114 4.3¢ - .17.8 1.57+.24  0.78+.08 - 1.72+.43  0.63:.17 - 144 54 44
238 7.29 34,187 4.12 18.4. 1.55¢.24  0.83+.09 2.19+£,37  0.83%.15 - 310 27 27
259 7.36 34.184 4.07 18.6 1.80£.23  0,95:.08 2.07+.33  0.85:.19 - 460 21 18
10% 1.76%.28 1.69£.46 .
93 1.57+.29 "1.96+%.41
2151 10 ‘ 33.390 6.44 8.6 2.95+.23  1.02+.09. 3.03:.38 . 1.21:.17 - 58 - 175 - 208
Y 7.47 33.309 6.45 8.8 2.68+.19  1.13:.09 2.50£.31  1.14:.11 - 70 . -161 163
65 7.46 33.396 6.49 10.1 4.48+,21  1.09:.10 5.45%,32  1.01%.14 7 176 163
95 7.54 33.471 6.40. - - 9.1 2.66:.17  1.13+.09 2.70:.35  1.21:.12 60 188 202
123 7.74 33.557 6.28 9.2. 2.40+,18  1.19:,08 2.77+.31  0.65+.18 66 180 98
154 7.45 33.659 4.93- 14.6 . 2.02¢.18  1.34%.07 2.69x.32  1.08%.13 110 121 .98 .
181 - . 7.29 32.859 4.72 15.2 1.49+.22  0.91£.06 2.43+,37  0:81z.09 245 37 - 33
208 7.C9 34,020 4,51 17.0 1.26£.25 , 0.77%.07 1.78£.38  0.38%.24 284 32 .16
4.30 - 19.5  1.63+.21 ' 0.86%.09 2.08:.36 0

240 _ 34.13) J42:.21 - . 390 22 11

" *Filtered Sampla
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Teble 2. Lead-210 and Polonium-210 in the Gulf of Maine. Cruise At]anfis II #56, January, 1975.

1o

ratio
pp210

Particulate

0.99+.08
1.04+,11
0.99+.07
0.83%£.09
0.50+.13
0.63+.17

. 0.69£.09

0.97+.13

0.83+.06
0.90+.11
0.64+.,13
0.81+.13
1.00£.12
0.89+.15

1.79+.10
1.01+.10
0.93+.12
1.07+.11
0.55%.14
- 0.81£.10
0.89+.08
0.49+.18
0.49+.16



( )
( )
- 2128 (Solid)
( )
( )

Station

2122 (Total

2128 (Fluid
2128 (Total

2135 (Total

Tab]e 3. Plankton tow data.

210 gom g7 o210 dpm o7

wet wt dry wt - wet 'wt dry wt
0.664+.01 4.89:.02 5.70£.01 41.98+.01

0.183+£.01 = 2.25+.02 1.36£.01  16.67+.01

0.408+£.01 4.18+.003 2.60+.01 . -27.05£.01

CActivity
“ratio
p0210/pb210
8.58
18.94
5.15
7.40

6.48




Table 4. Integrated .Pt

“Depth range (m)

0-80
80-140
-140-260

Total

Total (particulate
and ‘dissolved)

. :

210 anleOZ]O concentrations (dpm cm—2).
210 diss PbZ]O'part 01210 diss . Pom0 par
0.128 0.088 0.128 0.088
0.096 0.078 0.126 - 0:054
0.084 0.102 0.168 0.084
0.308 10.268 10.422 0.226
0.576 10.648



‘Table.5. "Model calculations.

- Time t, yr

5 .

Initial Pol/ppP 0.375 0.
J =0.016 J=.013
1 p p
o’ = 0.026 o’ = 0.036
| J = 0.036 J = 0.024
0.1 - b
' poP = 0.041 PoP =

0.048

Unit J = dpm kg~! yr”]

"poP = dpm kg"]
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3. FLEX 76 Program

-A major fraction of our:time for the 1ést’two months has been speht
in cruise preparation for the FLEX 76 program.

 This program,Adescribéd in our last year's proposal, has already
commenced and the latest FLEX éhips schedule is appended; We pTan'to
:.spend 28 days in the North Sea durlng KNORR Cruise 54 departing Ostend |
Be]g1um on May.5 and arriving at Reykjavik, Iceland on June 4. A sum—’

mary of our cruise plans and participants is attached, together with -

recent updates on the status of the program.
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ABSTRACT

The distribution of 219Pb and 21%0 in dissolved (<0.4 micron)

andApartieulate (>0.4 micron) phases has been measured.at ten stations
in the tropical and eastern North Atlantic and at two(étafions in the'
Pacific. Both radionuclides occur principally in the dissolved phase
_ Unsupported ?]OPb activities, maintained by flux from the atmosphere,

are present in the surface mixed layer and penetrate into the thermo-

210

_c]ine to depths of: about 500 m. Dissolved Po is ordinarily present

in ‘the mixed layer at less than equilibrium concentrations; suggesting
rapid biological removal of this nuclide. Particulate matter is enriched
in 2]OPo,Awith 2mPo/Z]OPb activity ratios greater than 1.0, similar

to those reported for phytoplankton. Box-model calculations yield a

210

2.5 ylresidence time for Pb and a 0.6 y residence time for 210Po in

the mixed layer. These residence times are conSidefab]y longer than the

time calculated for turnover of particles in the mixed Tlayer (about 0.1 y).

210 210

At depths of 100-300 m, Po maxima occur-and unsupported Po is

frequently present. - Calculations indicate that at least 50% of the

210Po'removed from the mixed layer is recyc]ed within the thermoc]ine;'

210

- Similar calculations for Pb suggest much 1owerrecyc11ngeff1c1enc1es

Comparison of the 210

226

Pb d1str1but10n‘w1th the reported dlstr1but1on

of Ra at nearby GEOSECS stations has confirmed the widespread existence

of alZ]OPb/226Ra disequilibrium in. the deep sea. ,VerticaiAprofi1es of

210 2

particulate Pb were used to test the hypothesis that '10Pb is removed
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from deep water by in situ scavenging. With the exception of one ﬁrofi]e
taken near the Mid-Atlantic Ridge, significant vertical gradients in
particu1ate.2]DPb concentration were not observed, and it is heceésary

to invoke exceptionally high particle sinking velocities to acéouht fdr

“the inferred 210

210

Pb flux. It is proposed instead that an additional
sink for Pb in the deep sea must be sought. Estimates of.the dissolved
210Pb/226Ré activity ratio af depths greater than 1,000‘m range from

0.2 to 0.8 and revea1‘a systematic increase, in both vertical and hori-
‘zonta1 directions, with 1ncreasiﬁg distance from the sea floor. This

observation implies rapid scavenging of 210

Pb at the sediment-water inter-
face and is consistent with a horizontal eddy diffusivity of 3-6 x 107'-
cm2/s. The more reactive element Po, on the other hand, shows evidence
-of rapid in situ scavenging.’ In filtered sea water, 21090 is deficient,
on the avefage, by ca. 10% relative to 210Pb; a corresponding enrjchment
is found in the particulate phase. Total inventories of 210Pb and 2

2]OPo over the entire water column, hoWeveE, show no éignfficant depar—l

ture from secular equilibrium.




1. Introduction
Several recent papers (1-4) have demonstratéd the possibility of
using members of the natural fadioactive decay series to study the
fate of certain reactive elements introduced to the oceans.. One of
the principal advantages of usfng such tracers is that they'are supplied
‘to the oceans by in-situ decay of their parent nuclides, and their rates
of supp]y‘can thus bé accurately determined. Lead-210 (t]/2 = 22.2°y)
and polonium-210 (t]/z = 138.4 d) are especially suitable, because their
half-1ives are long enough for measurable radioactive disequilibria to
be maintained by processes operatiﬁg in the oceans, but short enough
Ithat their activities in'seawater can be measured with reasonable ease.
Lead-210 is produced throughout the water column fo11owing the
decay 6f'radium-226, énd it is also introduced to the sea surface from:

the atmosphere, where it is formed by decay of rddon—222. Virtually
210 - 210

all of the Po in seawater is formed in situ by.decay'o Pb.

The fate of 2'1-0~Pb that énterS‘the'Sea‘Surface’waS‘first examined

210Pb concentrations in surface seawater

210

by Rama et al. (5) , who measured

from the northwest Pacific. They took.the annual flux of Pb to the

sea surface .to be 0.5 dpm/cm2<and pointed out that this rate of supply

226

is much larger than the rate of 2me production from‘decay'of Ra

in the mixed layer, taken to.be 100 m in- thickness. A simple box-model

calculation led to a 2 y residence time.for 210

210

Pb in the mixed']ayer.

210

Shannon et al. (2) measured Pb and Po in seawater and plankton

collected of f southwest Africa. -Activity ratios 2mPo/szb in surface
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210

seawater averaged 0.5 and indicated a 0.6 y residence time for Po.

Both phytoplankton and, to a larger extent, zooplankton were found to

210py, ~This enrichment of 210p5 has

be enriched in 2]OPo re]afive to
been used to exp]aiﬁ the more rapid turnover of this nuclide in surface
seawater (2, 6).

Craig et al. (4) discovered a pronounced deficiency of ?]OPb in
the deep.sea,.aQeragfng 50% of the equilibrium 9a1ue. fhis»condition_of
radioactive disequilibrium was present in profiles from both the Atlantic
and Pacific and was concluded to be a worldwide phenomenon. It was
suggested that 210Pb in the deep ocean is continually removed as a result
of‘scaQenging by sinking particles. Application of a vertical advection-.
diffusion mpde], wfth allowance for radioactive growth and decay, yielded
a 54°y residence time for1210Pb in the deep Pacific. A similar va1ue_.
(about 40 y) resulted from a box-model calculation for the Atlantic.

Despite 'the importance that has been attached to the role of parti-

Z]OPb,

culate matter‘in~transporting 2mPo and certain other radionuclides

to the sediments, very few radfochemica] analyses of this material have
- been reported. - As a consequence -there exist in the literature contra- |
dictory interpretations of residence times calculated on the basis of

daughter/parent activity ratios measured in unfiltered seawater samples. 4

2341y

Bhat et al. (1) discovered a 238U'diseQUi1ibrium in surface sea

4
water and used their data to calculate a ‘Th sinking velocity.

Matsumoto (7) pointed out that this interpretation was incorrect, because

234

they had assumed all of the Th to be in particu]ate form. Craig et al.
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210

(4) assumed that only a small fraction of the total Pb in seawater

is contained‘in‘particuTate phases and that their 54 y residence time

2me from solution

for 2IOPb in the deep water applied to the transfer of
to the sinking particles. It.was implied that the qutic]es must sink
very rapidly. Tsdnogai et al. (8), on the other hand, obtained simitar-
‘data'but interpreted them in terms of a very slow settling velocity.
-These,two-1ﬁterpretatiohsvare clearly not compatib]e,Abecause they imply
-very different distributions of 210Pb between dissolved and particu1até
phases. . | _
Recently Applequist (9) showed that indeed only 5-10% of the 210Pb
in the deep seé is contained in particles of diameter greater than 0.4
micron, as assumed by Craig et al. (4), and hé showed further that parti-

culate 210

Pb activities tend to increase with depth at two stations in

the Pacific, in qualitative agreement with their que]. However, particle

sinking velocities required to. satisfy.the model were not determined.
In this paper we discuss new data, acquired from’GEOSECS samples,

210Pb and 210

on the distribution of Po between dissolved and particulate
-phases .in seawater. We wi11'considef the'remova1~of these nuclides from
the surface mixed layer, their fate once transpprted to deeper levels

-and -the question of scavenging within-the_deep_oceah.

2. Sampling and ana]ytica1 methods
Sampling was performed in the Atlantic during cruise 32 of F/S

"Meteor" in November and December of 1973. This cruise was one of the
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West Germén contributions to the.GEOSECS program.. Additiona11y,lsamp1es
were.obtained from GEOSECS Pacific. stations 226 and 320. "Meteor" |
station locations are shown in Figure 1.

Sémp]es were takén with 270—1 stainTess-stee]'Gerard bafre]s or,
in the case of many of the deeper ”Meteoff samples, pairs of 30-1 PVC.
Niskin bottles spaéed 5-10 meters apart on the wire. Suépended matter
was sampled by pumping 40-100 Titers of seawater through 142-mm diameter,
- O.4—m1éron pore-size Nuclepore filters. "Filtration aboard "Meteor" was
ordinarily compjeted within one to‘three hour§ following collection, but
1ongér'times often elapsed during the. Pacific GEOSECS cruise. Changes ih
the d1str1but10n of 2]OPb and 2]OPo act1v1ty that may occur when f1]tra- o
tion is delayed have been dlscussed (9, 10), and they are not conSTdered 4
large enough to seriously bjas'the 1nterpretat1ons that will follow.

‘Twenty-liter é]fqﬁots df filtered wéter were drawn into plastic
Vesse1s~containing enough cbnééntrated HC1 to bring the pH within the

208PO

range 1.5-2.0. The.samp1es were then spiked with known amounts of
(a few dpm) and stable Pb (a few mg) tracers and stored for later treat-
‘ment. - Excess water was removed from .the filters by. app1y1ng m11d suct1on,
and the filters were folded and sealed in plastic bags.

Analytical mctho&5‘have alrcady been described in detail (10), 50
only a brief summary is given here. Extraction of the Pb and Po isotopes .
from seawater was aécomp]ished by APDC chelate co—pfecipitatioh (11)

-followed by filtration with Millipore filters and wet combustion.
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Particulate matter samplés were decomposed with mixtures of mineral acids
Samples were then dissolved in 2N HC1, and Po was plated on silver discs
(12) and counted with silicon surface- barr1er detectors. The samp]e solu-
tions were then stored for several months dur1ng which 2 “Po was

210Pb

re-generated by decay of Determination of this newly produced

210

2]OPo gave a measure of -the Pb present in the sample. Recovery of the

added.Pb carrier was determined by atomic absorption spectrophotometry

3 Resu]ts

Ana]ytlca] resu]ts for the "Meteor samples are given in a separate
-report (13). Representat1ve prof1]es are shown 1n F1gures 2 a- d The
Pac1f1c GEOSECS results are presented in Tables 1 and 2 and F1gures 3
and 4

For many.of the GEOSECS 226 samples the measured particulate activi-
ties exceeded the dissolved activities, a behavior unlike that found for
any of the Atlantic-stations, and the profiles were .extremely erratic
It was noted that many of the filters received from this station were
heavily loaded with particles of rust, which were evidently produced by
corrosion of.various. pieces of hardware inadvertently dropped: into-the
Gerard barrels during the cruise. These rust particles probably intro-
duced ‘minimal contamination, but newly formed iron hydroxides do act as
efficient-scaVengers'for’Pb and Po in seawater. Some of the Towest
activities measured in the f11tered water correspond to the h1ghest

activities found on ‘the filters (note. espec1a1]y the . 533 m sample. and
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samples at 2999 m and below). It is, of course, impossible uhder these
circumstances to determine the original distribution. of activity between

dissolved and particulate phases. Consequently, for this station,

_ dissolved and particulate analyses have been combined and reported as

total activities. The results are still rather badly scattered, and
large errors could have arisen from uneven distribution of the rust

particles within the water samples. Systematic losses to surfaces of

" corroded objects within the barrels could also have occurred. Because

the other GEOSECS profile (Station 320) did not include particulate

~samples, the extent to which this prob]em'may be common to all of the

GEOSECS samples is not known. Applequist (9) has presented two GEQSECS
profiles (Stations 201 and 314) in which a fairly consistent distribution
of"Z]OPbAbetWeen dissolved and particulate phases can be seen.v Of the

other GEOSECS samp]eé that he examined, only occasional filters showed

- evidence of .serious interference by rust particles. Nonetheless, in

the absence of particulate analyses from Station 320, all of the GEOSECS

resu]té reported here must be kegarded with some suspicion. Fortunate1y

it appears thatsforeign‘objectS'were, for the-most part,.exc1uded from

the Gerard barrels during the "Meteor" cruise. One questioﬁab1e sampler,

however, was noted (13). |
Radium analyses of the “Meteor" samples are being made at the

University of Heidelberg, but the results are not yet'avai]able for

cinclusion in this'reportﬁ Consequently, 226Ra distributions at the
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"Meteor" stations have been estimated from distributions at neérby
GEOSECS stations measured at the Lamont-Doherty Geological Observatory
(W. S. Broecker et al., unpublished data). For the purpose of extrapo-

lating the measured 226

Ra profiles to the "Meteor" station locations,
226

the similarity of Ra and Si distributions (14) has been used.
Figure 5 is a plot of 226Ra versus Si for the four available profiles
that 1ie closest to the "Meteor" track. For each of the stations a

226p. and Si is defined, and all of the

linear relationship between
correlations for the 1nd1v1dua1.stations are significant at a confidence
]evel.greatek than 99%. Linear regression coefficients and y—intércepts
along with their 95% confidencé iimits aré summarized 1ﬁ Table 3. The
regression lines for Stations'29 and 40 are seen fa be neaf]y identical
as are the two lines for Stations 107 and 115. However, these two pairs
of sfations, which are located on opposité sides of the Mid-Atlantic
“Ridge, show a difference between.them in the Ra-Si re]atiénship thét is
"significant at the 95% confidence'1eve1. Therefore, in.estimating the
2260, distribution from.the measured Si distribution at the "Metebr"

- stations, two different relationships, obtained by combining the data -
from.each pair of GEOSECS stations, have been used. For statiqns west
of the Mid-Atlantic Ridge (Me-32-8, 12, 15, 18),. the equatién used is

Ra = 7.86 + .142 Si, where Ra is in'dpm/100 kg, and Si is in um/kg.

For sfatjons east of the ridge (Me-32-21, 22, 23, 27, 32, 34), the

“relationship is.Ra = 6.91 + .217 Si.  The standard error for predicting
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Ra ffom Si, based on the -variance about fhe regression, is‘in the }ange
0:8-1.0 dpm/100 kg -(5-10% of the predicted value). The 226Ra aétivity |
estimated for deep water df the Venezuelan Basin (Me—32—i2) 15' |
11.8 dpm/100 kg and compares very well with the average value of

12.2 dpm/100 kg measured by Szabo et al. (15). 1In addition, values
estimated for Me-32-8 are in excellent agreehent with their fesu]ts for

stations north of the Greater Antilles.

4. The fate of 210pp and 2]Ol?od'n the upper layers of the ocean -
Results obtained from surface water samples vary considerably from
one station to the next, and there are strong indications that horizon-

tal advection and non-steady-state processes influence 2wa and 2]OPo

~distributions at shallow depths (10). It is therefore unlikely that a

simple treatment of data from individual stations will yield meaningful

results. However, it is believed that, by averaging the data over a

large enough region, these effects may be minimized and that a general

picture of the processes éontro]]ing the mean distribution of Z]OPb'and

210Po in the upper layers of the sea can be developed.

The sub-surface distribution of 2]'OPO is shown in Figure 6, where
activity differences have been plotted for Me-32 Stations 8-27. It is

seenrthat within-the uppér 100 m of the water column nearly all of the

210

data indicate a Po deficiency. This is a zone of net fémova] of

210

Pb. enrichment is found, indicating a net supply of‘Z]O

Po from solution. Between the depths of 100 and 300 m, a systematic -

Po by .processes
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other than radioactive decay. These two regions cdrrespond approximatefy

to the mixed layer and the:thermoc1ine in this region of the Atlantic.
The approach to be adopted is to compute arithmetic averages .for

all the data points in each of these two segments of the water éo]umn

and for all of the stations plotted in Figure 6. "These stations lie

between 14 and 22°N, and the structure of the water co]umn is similar

for all of them. Station 32 has been omitted, because it 1ie§ at a higher

latitude and the mixed layer. is considerably thicker. In Table 4 are
226Ra 210

listed standing crops of Pb and 2mPo in each of the two

layers considered. Also given are the same quantities calculated for
other choiées'of the boundary<depth§. These quantities will be entered
in the material balance calculations that follow. Througﬁout these
226Ra, 210Pb'and 210Po are designafed by the‘sUbscripts 1,
2 and 3; respectively. Dissolved and particulate activities, Ad and AP,

2

are in units of .dpm/cm” and are read directly from Table 4. ‘Thesé units

are chosen so that fluxes for different reservoir sizes may be directly

'cdmpaked. Net rates of transfer between the dissolved and particulate

pha§e are given by J in dpm/cm2 ys which .is taken to be positive when

the net transfer is from the particulate to the dissolved phase. Removal

. of the nuclides in particulate form is designated by the symbol P. Resi-
“dence-times are given by t and always refer to the_net sum of removal

- processes other than radioactive decay. As a first approximation we

neglect fluid exchange across the boundaries. Numerical substitutions
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will be shown throughout so that the relative importance of each‘térm in
-the material balance can be evaluated.
We consider first the material balance for disso]ved:Z]oPo in the.

upper 100 m of the water column, and we have:

d, . _.,d 3
Ay I3 = Aghg ()

which statés that production of 210Po‘by radioactive decay of 210Pb in

-solution is balanced by. radiocactive decay and transfer of 21OPo to ‘the

210

particulate phase. The flux of Po from the atmosphere is only about

210

10% that of Pb (16) and may. be neglected in the present calculation.

This- assumption will be verified when the numerical value of the 2]OPb

flux is estimated below.  Moreover, partial cancellation of this flux

210

by escape of Po across the sea surface has been suggested (6).

Substitution of numerical values in equation (1) gives:

2.67 +J, = 1.41

3 A
J3= ,1;261dpm/cm2 y

The net flux J is negative, indicating thaf 210

Po is removed from solu-
tion to particles in the mixed layer. The residence time for 2]OPo in
solution s given by:

d_ad, . | ,
ta0 = Ay /edy =0.61y | (2)

This result is in.good agreement with other estimates (2, 6).
For particu]ate~210Po we assume that supply by decay of particu- -
210 '

late Pb and by transfer from solution is balanced by radioactive



13-

decay and removal of particles from the mixed layer, and we write:

Cp b
XAy =g = AgAsT + Py

0.12 + 1.26 = .23 +‘P3 (3)

1.15 dpm/cm?.y

O
[

" The residence time ‘for particu1ate'210Pq is:

Tpg = A3 /E3-= g1y L (4)

Ve note'that this time is much shorter than the residence time of'Z]OPo

in the di5501Ved phase.

210

If it is assumed that Pb is'removed'from_the mixed layer by

210pg . 4t

particles having a residence time similar to those that carry
~is possible to determine the flux of particulate 210Pb from the mixed
Tayer: |
_a P, P : ‘
Pp = (R /APy | (5)
(0.063/0.126) (1.15) = .58 dpm/cm’ y

(]

The assumption adoptéd here was first suggested by Turekian et al. (6),
~who_used activity ratios measured in zooplankton, rather than total
suspended matter, as an indication of the relative downward fluxes for

the two nuclides.

210Pb énd entering

Constructing a material balance for particulate

"the above value for P2, vie have:

_ P
Jp = AR Py
= 0.002 + 0.58
J, = -0.58 dpm/cm? y

2
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210

Finally the dissolved Pb balance is considered, the unknown term here

being the rate of input from the atmosphere, I_, which, for the moment,

a
we consider to be soluble:

2 = Mhy | (7).
0.02 + I - 0.58 = 0.05

_ d
AZA] + Ia +d, =

Ia = 0:61 dpm/cmz_y

The residence time of 2'9Pb in solution is:

d_ . d o, | o

T = A, /-0, = 2.5y | ;(8)

In equation (7) we have neglected the effect of radon escape across.
~the sea surface, which would reduce the rate of 2me production by decay

226

of Ra by about 25% (17). Because the radioactive production term is

very small, howevek, the .error introduced is‘fnsjgnificant. .Estimates
of thé 2]OPb residence ‘time.in ‘the mixed layer aﬁd the rate of 2].OPb
delivery from the atmosphere givén above are in good agreement with those
Qf,other_authors (2, 5).-‘Cd1cu]ations~simi1ar to those made here were
made by Turekian et al. (6), who obtained much lower estimates of the
atmospheric delivery rate {0.05-0.10 dpm/cm2 y) and 1onger_2]0Pb resi-
.dence ‘times (9:4-24 y). The difference Ties in-their use of'Z]OPo/Z]OPb
ratios in zooplankton, which are commonly alfactor of 5 higher than in |
total suspended matter. Reconsideration of the problem (18) led them

. to conclude that zooplankton are not a reifabTe ihdicétor of relative
fluxes out of the mixedb1ayer, a conclusion that ié supported here.

We now consider the possibility that 210Pb delivered from the atmos-

phere enters the sea surface in particulate form. For dissolved 2]OPb
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in the mixed Tayer, we assume no soluble input, and we may omit I and
determ1ne J2

o d d .
AZA] + J2 = A2A2 (9)

J, = 0.05-0.02 = 0.03 dpm/cm? y

Here J2 becomes positive, indicating a net transfer of 2]OPb from parti-

cles to solution, as required to maintain the dissolved 210Pb excess

observed in the mixed layer. The material balance for particulate 2]OPb .

. is then used to determine the atmospheric input:

s APy |
I, -3d,= AZAZ P, _ (10) |
I, -0.03=.0.002 + 0.58
Ia'= 0;6]'dpm/cm y

The estimate. of Ia remains essentially unchanged.

We may now consider the sub-surface layer between 100 and 300 m, which

.is ‘a region of net release of‘Z]OPo to solution. For dissolved 2]OPo we have:
d - d ' _
.§3A2 + J3 = A3A3 ‘ | (11)
4.61 + J3_='5.38
J3 = 0.77 dpn/cn® y
The flux ble]OPo released from part1c1es in th1s region, J3, represents 67%

of the flux leaving ‘the surface mixed layer. This percentage will be referred
ZlUPh gives:
AL+ 0, = A d (12)

21 2 22 _ :

0.050 + J2 0.079

1

3, 0.029 dpri/cm? y
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2]OPb re-cycled is small, and a re-cycling efficiency of

.about 5% is indicated. Even this value may be overestimated, because we

have neglected sub-surface delivery of 2]OPb by vertical drlhorizonta1
mixing'processes.

The results obtained from the above calculations are summarized in

'Tab]e 5 along with results for different choices of the boundahy depths.

The dependency on the cho1ce of reservoir size is small.

21OPb and 210

5. Deep-sea scavenging of Po

210Pb removal

2]OPbﬁ'eﬂway.s' to be dep]efed relative to

In deep-ocean water we find
its parent 226Ra, in agreement with previous observations (4, 8). To
explain these sub-equilibrium concentrations, it is necessary to postu-

late processes other than radioactive decay that remove 2]QPb'from the

deep sea, and it is the rate of this non-radioactive removal that we wish

.to estimate. We_begih'by considering-the dissolved 21-on profiles

210-Pb delivered from the atmosphere penetrates

‘to appreciable depths in the water column. The influence of this source,

however, appears to become small as debfhs of 500-1,000 m are approached

, and 210

(generally in the lower part of the thermocline) Pb profi]es

frequently pass through minima at these depths In defining the deep— .

water column, therefore, we shall take th1s 1eve1 as the upper boundary

and assume that the net diffusive exchange across it is negligibly small.

210 226

Pb and Ra prof11es
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from the Pacific, Craig et al. (4) showed that 210p,, losses across the.
upper and lower boundaries were insignificant relative to the inferred
rates of removal within their mixing regime. Such a model, however,
is inappropriate in the Atlantic, and in treating the dissolved 210Pb
data we adopt what is essentially a box—mode1 approach.) The Tower |
boundary of the deep water column in set at the sea floor. |

210

The principal source of Pb in the deep sea is the in situ decay

of 226Ra,4ahd rates of production from: this source are calculated by

226

integrating Ra profiles over the height of the deep water column.

“Integrations were performed simply by dividing the water column into
intervals defined by'the midpoints between samplihg depths and weight-
ing each data point according to the depth interval it represented.

2]OPb activities are given in Table 6 for all sta-

210

Integrated ?26Ra and

tions at which both dissolved and particulate Pb were measured through-

.out the water column. A1so listed are similar resu]ts'for'two Pacific

GEOSECS stations, based on data of Appiequist (9). Rates of 210p,

226

production from Ra are given, in activity units, by_A2A1, where

1A2 is ‘the 2'9b decay constant (0.0312 y—])-ahd A, is the 226ps activity.

These rates vary from 1.2-1.9 dpm/cm2 y for the Atlantic stations and

are-about twice as high tor the Pacific, where 226p, concentrations

-are-higher.

210

Two_additioha1150urceé of Pb in the deep sea need to be considered:

1) release from particles sinking from the surface and 2) generation

222Rn.

near the sea floor by -decay of excess Because of the short
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210

residence time of Pb in the mixed layer, the flux of particulate

2]OPb entering the deep water reservoir is approximately equal to the

rate. of atmospheric 210p, deposition at the sea surface. This flux

2 y for the tropical

210Pb in the

North Atlantic. It was also seen that redissolution of
thermocline is insignificant, and by -extrapolation we assume that this
conclusion é]so holds for the deep ocean. There is no way to'verify
this assumption, becausé'thezdeep.water disequilibrium reflects only

the net effect of supply and removal processes and is always in a direction

~indicating net removal of'Z]OPb from solution. However, the assumption

is not of crucial importance in the discussion that follows, because,

in evaluating the in situ scavenging hypothesis, we are concerned princi-

-pally with the net effects.

222Rn, maintained by the flux of unsup-

The standing crop of excess
ported 222Rn from the .sediments, ranges from 0.2-20 dpm/cm2 (19) and
produces 210Pb at“rétes ranging from 0.006-0.6 dpm/cm2 y. Radon fluxes.

tend to be hjghést in regions of low sedimentation rate, and thé high-

est values measured are from the Pacific (19). A typical.value for

222

210Pb production from excess Rn in the Atlantic is 0.1 dpm/cm2 y.

- 210

Because release of Ph from. particles and production from excess

'222Rn appear to-be relatively small,-we shall assume that all of the

210pp in the deep sea is derived from in situ decay of 226p,. ALead-2]0‘
decay in solution is given by A,A,, where A, is the dissolved 210Pb

activity, and'the'difference}AZA] - MA, is the rate of removal of
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2]OPb’ from solution by processes other than radioactive'decay. :Calcu1ated

values of this removal rate are.given in Table 6 along with apparent
“residence times given by Aé/A2 (A]-Az). These residence tiheé.are in
fair agreement with the value of about 40 y estimated by Craig et a].v‘
.(4) for the Atlantic and their value of 54 y for the'Pacific, but signf—

ficant differences between stations are apparent, as will be discussed

be]ow.

5.2 In situ scavenging of 2'0pp | |
| ~The removal rates listed in Table 6 represent f]uxesjof Z]OPb
“from solution that must be -accounted for by'proceéses other than radio;
active decay. If it is assumed that this removal is majntafned entirély
by 1n situ Scavehging,'then it shou]d be pessible tQ'estihate.partic1e

' sinkfng rates from pafticu1ate 210Pb profiles. For sfmp]icity we assume
that.Z]OPb is transferred at a‘cohstant fate R (dpm/m3 y) from'solu—

"~ tion to.partic1es.=gAcfua]]y,~accordTng to the in situ scavenging hypo- E
thesis,‘fhe d1Vergence;of 226pa and 210py, profiles toward the bottom '
implies tha£~the rates of scavenging increase somewhat with depth, b&t

- we' shall use the average rate, which is obtéined'by dividing the profile
integrations oflTab1e 6 by the height of thé water column. Partic1es

uare-aSSUmed;to-sinkiat_a ;onstant,rate S (m/y). The rate of change of

‘particulate 2TOPb concentration-P.withldepth“z (positive downward) .

-1s,giveh by: | ' |

.dP/dz = R/S - A,P/S : (13)

in which R/S is the rate of gain by transfer from solution, and AZP/S
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is the rate of loss due to radioactive decay. Setting z =0 and P = PO'

rat the upper boundary, we have the solution :

R-2,P = (R-A,P) exp(-1,2/S) N ) (14)
As z becomes large, P must .approach the Timiting value R/az, for which

radioactive decay is just balanced by transfer from solution.

210

It is clear that for Pb deficiencies to be maintained in the =

‘deep sea by in situ scavenging, dP/dz must be positive; i é , -for any

segment. of the water column, the total ']OPb increment due to transport
by sinking must be negative. Of the six complete particu]ate Z]OPb
profiles from the Atlantic (Me-32-12, 15, 18, 23, 27, 32), only one

(Me-32-18) shows a Significant increase in activity with depth This

“anoma1ous station is located close to the Mid-Atlantic R1dge and will

be discussed below. For the other five prof1]es, it is possible that
positive gradients exist but are simply not detectable. For this to be

the case, howeVer,.high sinking velocities would be required. Table

"7 indicates how large these sinking velocities must be to account for

' Athetobserved.profi1es; Equation (14) has been fitted to the parti-

culate'210

Pb profiles and 2o confidence limits on the settling velocity
have been calculated. A typical case‘is'j11ustrated in Figure 7,

where profiles to be expected for -other settling velocities are aTso'

drawn for the same initial condition.’ Because the gradients are so

small, and in some of the cases even slightly negative, it is generally
possib1é only to assign lower Timits to the apparent sinking rate. It

is clear, however, that sett]ing-ve]pcities of several thousands of



S L21-

meters per year must be invoked if Z]OPb removal is'to be accounted for
by particulate flux alone.

These settling velocities are about an order of magnitude larger
than those estimated for othef radioactive tracers. For example,

3071 and 23%Tn in particulate matter

234

Krishnaswami et al. (20) measured 2
samples from the deep Pacific. From their Th results it was demon-
strated that Th isotopes are very rapidly transferred to particles

-following their productioh from U isotopes dissolved in seawater. Parti-
230 ' ‘

culate Th profiles showed the exhected increase with depth, and a

settling velocity of about 600 m/y was calculated. This estimate repre-
sents an upper 1imit for comparison with.data obtained with 0.4 micron
NucTepore filters, because their filters collected only particles larger
-than 1.2 micron in diameter.

If the sinking velocities calculated in Table 7 ére unreasoﬁab1y'-
high, then an-alternative explanation for the near zero vertical gradi{
-ents observed in particulate Z]OPb profiles must be soughf; In apply-
ing equation (14) we have as;umed that R, the rate of so]utionéto-paftic1e.
"transfer,AisAdefined-by the extent of the_dissolved 2me/226Ra dis-
equilibrium, and in this case R is always much greater than AZP (i.e.,

210

pérticu]ate Pb activities account for only -a small fraction of the

q 226

dissolve Ra—Z]OPb'activity difference). As.noted above, particu-

Tate 219 activities should approach a limiting value for which
‘R = AZP. This is the condition for which uptake from solution is
compensated by radioactive decay, and it is here-suggested that such -a
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condition may already have been reached in the Atlantic by pértic]es

~entering the deep sea. If this is the-case, then it is possible to

calculate the rate of in situ scavenging from the average particulate
2me activity in the deep water. Values of R ca]éu]ated in this manner

are given in Table 8 and compared with those determined earlier by

226, 210

considering the dissolved Pb differences. When in situ scaveng- ' |

ing fluxes are estimated in this way, 90-95% of the dissolved 2'%Pb/
226Ra diseqﬁi1{bfium remains unaccounted for, and én additional sink fof_
2]OPb in the deep sea must be sought. |

We have so far not considered the-possibi]ify fhatAparticu1ate
210Pb‘may be supported by:226Ra. Particulate 226Ra concentrations in

deep Pacific water are in the range 0.01-0.04 dpm/100 kg (20) and thus

- do not exceed 20% of the particulate 210Pb concentrations._ If allowance

were to be made for this additional contribution, estimates of R would

be even further reduced.

5.3 Lead-210 scavenging at the sediment-water interface

It was noted by Craig et'é]._§4) that some of the ]owest'Z]OPb con-

" centrations in their Pacific profile occur near the bottom, where large

quantities of excess 222

Rn also are present, and they suggested that .
rapid scavenging of 210Pb must occur in this region. A similar effect
is seen in the Atlantic prpfiles, which consistently show a{greatek.extent

of disequilibrium as the sea floor is approached. Craig et al. (4)

-also pointed out, however, that :the influence .of. boundary scavenging

extends upward, by vertical'mixing, only to a height of about 1000 m
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from the bottom. Within their mixing regime (1791-4100 m, 200 m above

the bottom), less than 5% of the 210

Pb removal cou]d'be accounted for by'A.
vertical mixing aéross the boundaries, and it was concluded tﬁat'the
remainder must be accqunted for by in situ scavenging and radioactive
decay. What'is not considered in a vertical model such és'théirs is
that, if boundary scavenging is effective to heights of 1000 m from the
bottom, then it may also be of importance at appreciable distances from
~ lateral bourdaries. | |

Let us consider the case in which 210Pb is scavenged at some topo-
‘graphic bouhdary,'such as a continental margin or mid-ocean ridge, ahd
allow for in sitﬁ production from 226Ra decay and consumption by transfer
. to suspended particles. Neglecting the effects of advection, we have, at
steady-state:

2n- 2 _ A
K, 9 Az/ax + AA —‘(A2+k)A2 A (15) .

H 21

where KH.js the horizonta]Aeddy diffusivity, and‘k is the rgte»constant

for in sitU'scavenging (assumed to be first-order). As x approaches
infinity; the activity ratio AZ/A1 is determined soie]y by the rate of

in situ scavenging and-épproaches the va]ueixz/(A2+k). With the additiona1

“boundary condition that A2 = A 0’ and for A] constant, we have the solution

2,
""—"\
‘XA+k A'%é'= k:Z+k .AﬁFU) exp (-} J K
2 1 2 - 'H

x) (16)

F1gure 8. shows a p]ot of A2/A versus .distance to the nearest topo-

226

~.graphic boundary. The need to consider sources of 2]OPb other than Ra~

decay as well as the effects of ‘local scavenging at the bottom has been
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avoided by inc]udihg data only from depths greater than 1000 m below the
“surface and greater than 1000 m above the bottom. 'Distances were detet—4
mined by plotting station locations on a béthymetric chaft and measuring
distances to the nearest_confours at 1000 m intervals. Interpolations
were performed for intermediate sampling dépths. The figure c1éar1y shows

210y, ,226

.a significant correlation between the Pb/““"Ra activity ratio (or the

apparent 2]OPb residence time) and horizontal distance from the assgmed
210y sink. -

The curve‘drawh in Figure 8 was obtained by adjusting KH and k iﬁ
equation (16) until the best fit was obtained. For this purpose it must |
be assumed thét,'at any depth, the 226Ra concentration does not vary along

a horizontal line between a given §tat10n and ‘its nearest intersection'
with the sea floor. This assumption and the use of the activity raiio
AZ/A]'a11ow data from different régions to be compared on the same dia-
gram. The best fit was obtained for K, ='5.6x 10 and k = 0.005. This
“value for k:corresponds‘to a residence time for 210Pb with respect to in
.sftu écayenging of 200 years. It is c]éar that while thevgenéral curve
represented by -the data in Figure 8, from-500 to 4000 km, is reasonably
represented by this solution the data at Tess than 500 km appear to have a
steeper slope than cén-be accounted for by any solution of:equation (15)._
_ It.isAwe11 known that the eddy diffusion process in the oceah'is_
non-Fickian and Okubo (30) has suggested a relationship betwéen thé'apparf

- ent eddy diffusion coefficient, Ka,cm2 1

sec
1.15 '

Ka = 0.01032 (17)

, and the scale length, £-cm, as
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such thaf at shorter scale lengths the apparent eddy diffusion coefficient
‘”1s:sma1]er. With variable KH4equation (15) would be

9

ax (K

(x)2R2) + a,A) = (1,+K)A, (8) -

H ™ 21

An ana]ytica] solution of this equation is difficult to ‘find but in
Figure-s we show two numericd]-so]ution5~obfained using the boundary
conditions AZ/Al =0.32, x = 150 km and AZ/A1 = 0.78,‘x = 4500'km, aﬁd
‘where KH(x) iSsgivén by the Okubo relationship. The‘numer1Ca1”appfoxi-
mation was obtained using Hamming's modified predictor-corrector method

(supplied with the IBM subroutine package as sUbroutine HPCG); "The
slope of these solutions gives & better fit to theldata, bérticu]ar1y

at the shorfer scale lengths where the eddy diffusion poéffjcient.is
‘lower. -The two variable KH solution that we show would suggest that a

* residence time with respect to in situ'scavenging of about 150 to'100
yeérs is most appropriate. The 1mp1iéation is that much of the-Z]QPb
removal flux may be carried by mixing to a remote sink at the sea floor

and that scavenging of this nuclide by particulate matter suspended in

the water column may be of lesser importance.
'210P

The observétion that b/226Ra ratios decfease as topographic
boundaries are approached has’ been interpfeted as evidence that séavenging'
at the sea floor is-a major mechanism for removing 2me;fr;om"che deep sea.
We have considered the possibility that this correlation may be caused '

by factors other than boundary scavenging. Possible "water-mass effects”

were tested by a re-plotting of the data for 500 m depth interva1s; and
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thé same correlation was observed for all depths. The apparent rate of

2](A)PbAscavengingat depth also appears unrelated to phytoplankton pro- _

ductivity in the overlying surface waters (22) and proximity to the north-

west African source of windblown dust. It is not necessarily implied

that rates of particle supp]y.or production at the surface are unimpor-

tant in controlling the rates of deep scavenging for'SOme eiemeﬁts, but

these factors do not seem to be important in tﬁe particular case of-21OPb.
The relatively rapid scavénging of'Z]OPb at thé sea floor that we

-have inferred from our data Seems.to require sbeéia] eXp]anation. A

4000 m water column lying above one square meter of sediment surface con-

“ tains approximately 40 g of suspended so}id. With a specific'surface<area

of 20 mz/g, typical of sediments (23), particles in suspension ought to

~ be more ”reactivef.than the'séa'f1oor, a£~Jeast on the basis of available

surface area for reaction; I't appears necessary then to posiu]ate pro-

cesses unique -to the sea f]oor.in'order to account forvréﬁova1 of 2]OPb

- preferentially at that-site, and it is suggested that co-precipitation

of 210

Pb with manganese and iron oxides forming af'the interface might

- be such a process. The»extent to which manganese may{be precipitating

in the water column is not known; but it'seems Tikely that the majok site
is at the sea floor. In anoxic basins it is known that manganese does

. precipitate in the water coiumn'just»above'the.02—HZS fnterface (24),

and preliminary results from the Cariaco Trench'(M. P. Bacon, unpublished
data) sfrong]yfsuggest an association of 2me with ménganese in this

region. - Chow and Patteérson (25) have measured the distribution of lead

in marine sediments and indicate a strong and widespread association of
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lead and manganese.
Anomalously high concentrations.of particulate iron have been reported

in samples collected near the Mid-Atlantic ridge crest (26). Such anoma-’

lies could be the result of precipitation from the iron-rich solutions

suggested to be leaking into the water column from vo1§anica11y actiVe

~‘areas and leading-to the formation of meta]a11iferon sediménts (27);

If this interpretation is correct, then the particulate 2TOPb profile at |

- Me=32-18, near.the Mid—AtTantic.Ridge, which shows an anomalous maximuh

at about 3200 m, may provide further evidence that Pb-210 is rapidly co-

précipitated by newly formed précipitates; An alternative ekp]anation is

226

" ‘that. this maximum represents Ra enrichment in the particulate matter

-

226p, analyses for these samples, the-question

sampled. In the absence of
.cannot be resolved. Further-radiochemical ana1ysés of particu]atefmatter

. from this region are warranted.

- 5.4 Scavehging of 2]OPo

IZ]OPo in the deep sea is markedly differeht,from

The behavior of
that of 210Pb wjthﬂrespect to 1ts,ra£e of associatioﬁ with sﬁspended par- .
ticles. Although the data are rather badly scattefed, 210?0 shows a‘élight ‘
deficiéncy in the dissolved phase, averaging about 12%; and a corréspénding'
~enrichment 1n the particujate~phase 1s found in nearly all of the samples ,.
(13). ’These observations -can only be attributed to rapid in situ scavenging
_df 210Po from solution. A value of about four years may be caTculated -

210

~for the mean residence time.of Po in the deep sea with respect to.remoVa1

from solution.
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It is of interest to examine whether this rapid transfer to particu-
late matter leads to any detectable net;remova1 of-Z]OPo.from the water

column. In Table 9 are Tisted integrated vertical profile activities for

210 210;

total Pb and Po, obtained by summing dissolved and particulate

analyses. These integrations have been performed over the entire water

column. The mean difference is +1.2 dpm/cm2 with a standard deviation

of 2.0 dpm/cmz. This difference is actua]ly in the direction of 210p, .

“enrichment  but 1s‘not”signff1caht]y different from zero. The water col-

umn as a whole appears to be nearly in secular equi]ibrium.v Although

£ 210

removal o Po from solution . is rapid, as indicated by its distribution

“between dissolved and'particu1ate phases, the mean sinking velocity of
210Po in particulate form is not large enough to maintain é toté] 210Po/
2]OPb,_disequﬂ1'b‘r1'um-thr.oug’hou'cA‘che water.column. This lack of any,signi-‘

~ficant total disequilibrium makes the sinking velocity essentially indeter— |
minate. One can, however, rule out the possibility that signfficant'amdunfs

. 210

of Po in the deep sea associate with partié]es having residence times

very much less than four years.
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‘6. Summary and conclusions

‘From material-balance considerations it can be shown that 2]OPb-'in
the 'surface mixed Tayer is -supplied principally from the atmosphere, and
fof-the tropical North Atlantic the rate of delivery is approximately '

0.6 dpm/cmz—y. "The flux of 2;mPo from the atmosphere is only about 10%

210

of this value and is small compared with the rate of Po turnover in

210Pb and 210Po in the mixed layer

the surface ocean.f Residence times of
are about 2.5 y. and 0.6 y, respectively. The population of pdrtic]es

bearing 210Po in the mixed layer is replaced approximately 10 times per _f

year. Interpretation of particle residence times in this region in terms

of4set£Ting've1ocfties is probably not appropriate. Removal of particles
by filter-feeders and subsequent formation of fecal pellets, which sink
very rapidly, may be as important as sinking of individual, small parti-

cles.

10 210

The residence times of 2 Pb and Po in the mixed layer differ

;significantly from each other, and .each is longer than the residence time

of particulate matter. These observations suggest that spécific chemical
properties; which govern. their rate of incorporation by plankton, con-

trol the removal of these nuclides. Theif.rate of removal is not appre-

- ciably Timited by retention of particles in the mi xed 1ayér. Differences’

in chemical properties are also evident when recycling within the .thermo-

‘cline is considered. Of the 2'%0 removed from the mixed layer, 50% or

more is recyc]ed at depths less than 400 m. Much smaller, and probab1y'

2me-are recycled.-
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Within the deep ocean a pronounced 210Pb/226Ra disequilibrium is

~ found at all stations, thus confirming the findings of .Craig et al. (4).
‘However, unless very rapid sinking of parti§1es is invoked; our particulate
210Pb profiles are not consistent with their model based on scaVenging by
suspénded particles in the water column. We believe that the data are

more consistent with a dual removal of Zqub both- by scavenging and at

.the sediment-water interface. This concTusion is supported by observations

that 210Pb/226Ra ratios decrease as the sea-fTobr-is approached. It is

interesting to speculate that similar removal processes for a number of
stable trace elements may contribute to the ridge enrichménts'that haye
often been observed and that h&Ve been interpréted as being due to voTcanic
or hydrotherma1 processes. | |

In-contrast to'Z]OPb;

210Po"rap1d1y associates with'particulate mat-
ter in the deep ocean, its kesideﬁce time in solution being on the order

of four years. ,Bqth nuc]jdés afe highly “reactive"'in,the sense that they
‘are-subjectstO‘rapfd removal from the oceans, but each fo]Tows a different -

pathway -in being delivered to the sediments. A similar kind of separation

2315, (28).

.on.a short time scale may - operate -for 23071 and
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Figure Captions
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1 Station locations -- Atlantic. |

2a-d. Vertical profiles from the Atlantic. Open'cirties represent
unfiltered samples for which a small correction was applied to
the data (13). Results marked by parentheses were ffoh questionable
sampler (13). Radium .profiles were estimated as described ih the

. text. | | | .

2]O_Pb profile.- Dissolved and particulate analyses . -

3. GEOSECS 226
were combined to give totals (see text). Radium profile based on
Broecker et al. (29).

4. GEOSECS 320 profiles. The 3805 m results are uncertain because

- of Teakage. Radium profile baéed.on unpublished data of Y. Chung

“(citedin (9)).

5. Ra versus Si for four Atlantic GEOSECS stations (W. S. Broecker
ét»al., unpub]iéhed.data). The straight lines.are least-squares |
fits for stations west (1) ahd‘east (2) of the Mid-Atlantic Ridge,

2]Opovz-me disequilibrium in the upper,

6. Veftica1 detribution.of
-layers. of the tropical :North Atlantic. A1l stationAanbers-refer to .
F/S "Meteor" cruise 32, .

7. Particulate 2]OPb,prm"i'lve showing fit*of équation (14). The best

fit s shown by the 6800 m/y curve. Other curves result from substi-

“tution of other values for S with Po held constant. The two points

" ~in parentheses were disregarded in determining -the best fit.

8. Horizonta1'di$tribdtion of 2]Obe/ZZGRa activity ratios. With




increasing distance from lateral boundaries, the ratio increases;
210 | '

i.e., the apparent Pb residence time becomes lorniger. The curves
are the best fits of equations (16) and (18). Samples within about

1000 m of the surface and bottom are omitted.




Tab1ef1 Ana]ytca] datc for
GEQSECS, Station 226, 30.6° N 170 6°E, 9-11 November 1973 5590 m

5434 . .97 34.688

Dapth ot. Temp Sal S y 210p, —_ — 210p,
_ Diss., Part. - Tot. Diss. - Part, Tot.
(m) (°C) (°/oc)  (um/KG)  -m=mmmemmmmese-oo-oe- (dpm/100 kg)------ mmmmmmmommee-
10 24.7 35.03 -- 23 -- -- 2.7 --
40 24.7 35.03 -- 19 .- - 1.1 --
80 23.7 34.85 | 18.7 .09 18.8 13.4 1.3 14.7
150 162 34.73 19.8 .27 20.1 21.5 5 22.0
250 14.4 34.58 | 14.2 46 14,7 22.3 4 22.7
350 13.2 34.43 14.0 37 14.4 14.0 5 14.5
452 10.46 34.292 12.3 .46 12.8 14.9 1.6 16.5
533 8.56 34.147 3.8 18.0 21.8 3.5 13.4  16.9
645  6.41 34,042 1200 1.7 13.8 7.4 4.6 12.0
904 3.90 24,21 14.8 2.5 17.3 15.9° 13,1 29.0
1192 - 4,403 15.4 4.0 19.4 17.8 5.5 23.0
1480 3.38 24,500 16.7 3.4 20.1 15.7 9.2 24.9
1542 . - 34,495 X 13.3 4.2 17.5 3.4 21.0  24.4
2499 1.46  34.642 . 23.6 1.0 24,6 8.6 12,1 20.7
2999 1.28 34.665 1.5 28.3 29.8 - 2.0 30.0 . 32,0
3495 1,20 34,673 - - 143 13.5 . 27.8 6.3 121  18.4
3980 . -- 34,686 9.6 . 12.5 22,1 6.2 15,5 21.7
4901 © 1.03 34.678 5.6 15.8 21.4 4.4, . 26.6. 31.0
7.5 4.6 22,1 1.4 10,4  11.8

Samples at 350 m and above were co]Tected by surface pump, samp1es at 452 m and below were collected
in 270-1 sta1n1esa steel Gerard barrels. , : S T



Table 2. fnalytical data for . ..
GFOSECS, Station 320, 33.:°S 128. 4°4 24 26 Ap.]] ]974 4]70 m.

Deoth Pot. Temd S&l 4 : ?10Pb o 210,

. g . biss. | o Diss.

WY (°C) foo)  (u/Kg)  mmmmmemmmemmmemmee-e- (dpm/100 Kg)-==---mmmmmmmmommmne-

0 19.7 . 34.34 7.7 + .6 4.0 + .6

77 15,74 34,556 9.3 x .6 5.5 & .7
128 13.81 34.393 9.8 .7 10.4 £ .7

204 12,14 34.54° 937 10.9 + .8

254 10.96 34.516 . 9.6 .7 9.9 + .7

505 6.84  34.388 8.5 + .6 7.5+ .6

706 5.8 34.324 8.8 + .6 10.2 + .8

802 5,35 34.303 9.6 x .7 9.7 5.9

1002 4,32 34.328 ‘ 1.7 £ .7 9.5 + .8

1504 2.51 34550 10.9 = .7 107 + .8
2054 1.888  34.645 17.8 £ 1.2 16,4 + 1.7
2304 1,707 - 34660 o 20.3x1.2 19.1 £ 1.4
2605 1.54. 34.563 19.4 + 1.1 15.8 + 1.4
3004 1.414 34673 18.6 + 1. 18.6 + 1.4
3502 1.30 34,685 1901+ 1.4 16.5 + 2.3
3805 1.26 34,683 20,9 :3.2 15.3 + 5.6
4107 1 g+ 1.0 . 14.6 + 1.2

16 . 34.691 7.

A1l samples were collected in stainless-steel Gerard barrels.




TABLE 3
- Ra-Si Relationships at Four Atlantic GEOSECS Stations.
Confidence limits are given at the 95% level.

Si (x) is in units of um/kg, and
:2‘°Ra‘ (y) is in units of dpm/T00Kkq. -

Station A§lggg A,'xfintefcegt :
29 144 + 040 | 7.76 = .72
4 136+ .043  8.07: .55
107 o 217 + .023 . 6.99 £ .87
+ .641

115 .216 + .023 | - 6.88




TABLE 4

Inventories of 22%Ra, 210Pb and 210Pao in the surface layers

of the North Equatorial At]ant1c (Me-32-8, 12, 15, 18, 21, 22, 23, 27);

Values are the arithmetic averages of a]] data points.
in the given depth intervals. Units are dpm/cm¢.

: d‘

| . AP Ay AP
Depth interval (m)  _%2°Ra  210Pb(d)  210Pb(p)  210Po(d) 21%o(p)
0-50 . .38 .74 039 .25 .067
0-100 .76 1.46 063 . .77 .12
50-300 1.96  3.26 20 3.5 .249
50-400 .82 4.32 61 458 337
100-300 < 1.60 2.52 o5 2.94 90
100-400 2.6 3.57 43 407 .280

-1

' 210
Decay constants used: ’ Pb ~-- 0.0312 y
: 0 -
' Po -- 1.83y !




TABLE 5

Re§u1té of‘box—médQT caléulations for

north equatorial Atlantic

Residence timés:in
upper reservoir s :
% re-cycled

Reservoir thickress (m) 1 (dp¢/cm2-y) el (¥) _%d. () <y (¥) Py Po
0-50, 50-300 L5l 1.4 .27 .08 8 41
0-50, 50-400 N 1.4 27 .08 9 55

0-100, 100-300 E 61 2.3 . .61 .11 5 67

0-100, 100-400 - 61 2.3 61 a1 6 79



TABLE 6

Integrated 226Ra and Dissolved 2'OPb Activities
For the Deep Water Column,
Rates of Z21UPb Removal by Processes
Other than Radioactive Decay,
and Apparent Residence Times, t .

Removal

Dissolved
' Depth range = 2'0Pb 226pa _ Rate ot
. Station (m) (dpm/cm?) (dpm/cm?) (dpm/cm?-y) (y)
Me-32-12 1990-4880 17.4 45.9 .89 20
Me-32-15 00-5003(*)  19.8 9.9 .94 21
Me-32-18 . 666-3820  23.5 37.5 .44 50
Me-32-23  451-4940 45.4 61.1 49 93
Me-32-27 887-4950 42.8 581 .48 90
Me-32-32 960-4440 31.1 R S S
GEOPAC 201 984-4720 66,6 119.3  1.64 41
GEOPAC 314 977-4580 552 894 1.07 52

(+) Based on data from App]equist,‘1975.

(*) -The two bottom samples at this station wereltakeh withih‘the
nepheloid layer, and the Tower -boundary is taken above this level.

For all other stations, the lower boundary is-set at the sea floor. -




TABLE 7

Results of 210pp Sinking Velocity Calculations .

: No. of Spurious
R S 20 limits Obser-  Points
Station (dpm/m3-y) (m/y)l_ (m/y) vations Discarded
Me-32-12  2.29 11,000 >3,900. 9 MNone
 Me-32-15 2.18 =- >14,000 2 1813 m
Me-32-18 1.38 380 250-790 11 None
Me-32-23  1.09 - > 6,600 11 None
Me-32-27 1.7 —- -6 Nome
Me-32-32 1.49 6,800 > 2,600 g 1034,1477 m
GEOPAC 201  4.40 2,200  1,500-3,900 9 " None
GEOPAC 314  .2.96 1,600 _'Nqne.

970-4,200 . 13

(+) Based on data From Applequist, 1975.



TABLE 8

Rates of in situ 210Pb  scavenging calculated

by two different'methods 4

" From dissolved 210Pb/22%Ra . N
disequilibrium (as in Tables 6 and 7 ) From R = AP (ave)

Station  Rldpwmdy) xlv)  R(dpw/my)  x(y)
Me-32-12 2.29 .20 < 200
Me-32-15 2.18 2 094 490
Me-32-18 Las s e
Me-32-23 108 93 . .72 1800
Me-32-27 1.V 0 o 960

- ‘Me-32-32 1.49 60 .066 1400




Station

12

15

.18

23
27

- 32

" TABLE 9

~ Integrated total. 210Pb and 210pg _profile

ractivities, surface to bottom. Units dpm/cm2

210py,

31
32
34
52
54
45

210po

- 31

40
34
53

59
39

1 210pd_2£0pb:

0
+8

0

! 'v+]
-6 |

Mean +1:x2
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Abstract _
The distribution of 210pb and 21%o in dissolved (<0.4-

micron) and particulate (>0.4-micron) phéses has been measured
at ten stations occupled during cruise 32 of F; S. "Meteor" o
in the tropical and eastern North Atlantic. Boﬁh radiohuclides
occur principally in the dissolved phase. Uﬁsuppdrted 210py,
activities, maintained by flux from the atmosphere, are present
in the surface mixed layer and penetrate into the thermocline
to depths of about 500 m. Dissolved 219po is ordinarily ﬁrésent
in the mixed layer at less than equillibrium coﬁcentrations, '
suggesting rapld biologlcal removal of this nuclide. APérticulate’
matter is enriched in 21%po, with'21°Po/21opb_é¢t1v1ty'ratios
greater than 1.0, similar to those reported for phytoplankton.
At depths of 100-300 m, 210Po maxima oceur, and unsupported ”
210Po'is frequently present, an observation that suggests
rapid re-cycling withih the thermocline. ‘
Comparisoh of the 210Pb distributions with thqse réported
for 226Ra at nearby GEOSECS stations has COhfirmed the wideépread
. existence of a 210Pb/226Ba disequilibrium in the deep éeao

210 a 226

Close to the bottom, profiles of Pb an

and 210Pb concentrations frequently decrease’ﬁith depth,

Ra usually diverge,

rguggesting a sink for <10Pb near the seafloor. Particulate . o
21OP’o concentrations ordinarily show little systematio variation ///
with depth. At depths greater than 1,000 m, dissolved 210po
'éct1§ities are, on the average, iess'than those of 210pp vy 12%.

.A corresponding 210P0uenrichment in the particulate phase 1s

“found.



1. Introduction

d 210Po occur naturally as.

Thevradionuclides 210pp an
members of the'238uideoay serles. They are produced in the i
.oceans by radloactive decey‘of-their parent nuclides, and

" significant amounts of 210Pb are also delivered to the sea
surface following production by decay of ZZZRn and its short-
.lived daughters 1n the atmosphere. Because their rates(og
supply to fhe oceans can be aocurately determined, and because
of .their suitable half-lives, 210py gana 2100 serve as valuable | .
-trecers for studylng the fate of-certain_"reactive" elements
introduced to. the sea. | |
Rama et al. (1961) were the first to measure 210Pb con-
. centrations in seawater, and they demonstrated that this
nuclide is rapidly removed from the surface ocean, presumably |
‘as 8a result of blological processes. A simple box-model K
calculation led to a 2-year residence time fbr zloPo'in the :
surface mixed layef, taken to be 100 m in thickness. A similar |
‘estimate was lafer given by Shannon et ale $1970), who also
showed that 210py 315 removed even more rapidly. The shorter o 2//
‘turnover time of 2lOPO has been attributed to ita preferential. |
incorporation by plankton (Shannon et al. 1970& Turekian et al. :'
1974). | |
Recently Cralg et al. (1973) reported that a pronounced
'210Pb/226Ra ‘disequilibrium exists 1n the deep sea, a result

that has since been ‘confirmed by a number of 1nvestigators

(Tsunogal et al.A1974,4App1equlst 1975; Bacon 1975). This
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discovery was 1mportant because it was a clear demonstration
| that rapid removal processes are not confined to the blologically / ‘
productive surface 1ayer. Cralg et al. (1973) explained the /
removal of 210Pb in fhe deep ocean principally as the result J
of scavenging by sinking particulate matter. 7/i_:
This paper presents a number of detalled vertical profile% |
of 210pb and 210Po activity in both dissolved and particulate/
forms. The samples were all obtained during crulse 32 of
F. S, "Meteor" in Vovember and December of 1973 (see Flgureol
for sampllngtlocations), a cruise that was conducted in co-
-operation with the GEOSECS program (Geochemical Ocean Sections
Study). The data presented here extend our understanding of the
removal of these nuclides from the surface mixed layer and
.'particularly their fatevupon being transported to deeper levels.
The e%tenslve set of particuiate—matter analyses allows the
. scavenging model of Crailg et al. (1973) to be tested.. Some

of these aspects of the data are treated in further detaill

- elsewhere (Bacon 19753 Bacon et al. 1976).



2. Methods

" Water samples were collected with 270-1 stainless-steel

Gerard barrels and with pairs of 30-1 PVC Niskin bottles spaced ;

!

5-10 meters apart on the wire. This latter arrangemnent was.

necessary on most statlons_because of winch fallures that
precluded use of the Gerard-barrels at depthsAgreater.than '
1506 Me Suspended particulate matter was sampled by pumplng
40-100 1liters of. seawater through 142-mm diameter, 0. 4-micron.
_pore-size Nuclepore filters. For samples collected witp/the‘
Gerard barrels, filtratlon was performed by pumping directly
from the“sampler; " Because of space restrictions where the
Niskin bottles were racked, when these samplers were used 1t
was necessary ‘first to transfer the samples to plastic drums-
before filtering. Filtration was ordinarily complete within
-one to three hours following collection. Total volumes of
water Tiltered were measured with'Hersey-Sparling water meters
4nstalled downstream from the filter holders. During'filtration'
20-1‘a11quotsAof filtered water were drawnlinte ﬁlastlc vessels
cdntaiﬁing enough concentrated HC1 to bring the pH within the
‘range 1l.5-2.0. The samples were then splked with known amounts

of 208po (several dpm) and stable Pb (a few mg) tracers and

: stored for later treatmento Mlld'suctlon wés applied to the
‘f11ters to remove excess water, and the fiiters were folded
‘and sealed in plastic bags. |

Analytical procedures are only briefly summarized here9

‘gince they have already been described in detall (Bacon 1975).
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- Seawater samples were treated by APDC éhelate~co-precipitatiep’
(Boyle and Edmond 1975) to concentraté the Pb and ?Q isotopes.
Co-precipltation was followed by filtration with_Mil;;gore
filters and wet combustion. Particulate matter samples were
decomposed with mixtures of mineral acids. Samples.were then
dissolved in 2 N HC1l, and Po was plated on silver disés (Flynn
1968) and counted with silicon surface-barrier detectoré. The
sample solutions were then stored for séveral months during

wwhich'21°Po was re-generated by decay of z;on.‘ A second
plating and counting gave a measure of the 21on present in
the sample. Recovery of the added_Pb carrier ﬁas determined

by atomic absorption spectrophotometry.
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3. Presadefon o o et - o | .

Analytical results are listed in  the ﬂ§?§n&ix).
and vertical profiles are plotted in .‘ - '/ '

'.'_‘FiguresAaa—jo 2 : o - S /
| , Most of the samples = S

“were filtered at the time of-ccﬂlecl:'t:inn;v . N //
and for these samples both dissolved -/
and particulate activities -are reported.  Definition of "di'ssolved"laqd/
"particulate” activity is made so'l_é'ly on the basis of retentjon or -
non-retention by the filters used.: For samples Athat were,.not filtered,

‘the results are listed as total activity, and these samples are marked

.G




*

the tables and by parentheses in the f1gures.

by the notation "NF" in the tables. Results from unfi]tered‘samples

have been included in the vertical profiles of dissolved activity;-and

for this purpose a correction, usually small, was derived by'interpola-

| tion of -the particulate profiTes. Data points corrected in this way - -

are 1nd1cated by use of a different symbol in the figures. AI] of the
ana]ytical resu]ts have been corrected for rad1oact1ve growth e;/decay

to the date of coI]ectwon, and they are given in units of dws1n§egrat1ons
per mmnute per 100 kg sea water (dpm/100 kg). Polonium-210 results are

p]otted in most of the fzgures as activity d]fferences relative to the

parent T’ba. Positive values indicate the presence of "excess"

'Po not supported by radloact1ve decay of the parent.

It may be seen in the vertical profiles that several . of the part1cu-

" late analyses are spuriously high, and in some of these cases the
A'. dissolved activities appear : teo low. This effect ie most:
. pronounced for the 1813-m sample from - station 15, |
‘Many of these apparently bad samples from the Meteor cruise were
.- collected wfth the same Gerard barrel (#18), and each of the eamples_

__‘taken with this particular sampler has been marked by an asterisk in




Radium analyses are being made at the University, of
‘Heldelberg, but the results are not yet avallable for 1nclusi§n
An this repbrt. Therefore 226Ra distributions at tﬁe "Meteof"
stations have been estimated from distributions at hearb& |
- GEOSECS stations (Figure 1) measured at the Lamont-Dohefty
Geologigal Observatbry (w. S. Broecker et al. unpublished
data). These estimates were based on»81 profiles measured
during the "Meteor" cruise and the close correlation exlsting
‘between Ra and Si ccncentrations in oceanlc profiles (Ku et

.al. 1970; Edmond 1970). Further detalls are given elseWhére
(Bacon 19753 Bacon et al. 1976). -

‘ 2
H. Distribution of ‘OPb

Or'_dina‘ri’ly more than 90% of the 240?[3 ‘in sea water occurs in the
‘dissolved (<0.4 micron) phase. Activitiesi near the surface are almost
~always in excess of w‘f Ra activities, commonly by a factor of .1 .5-2.5,
a result that is in agreement with earlier work (Rama et al. ]961';

Goldberg 1963; Craig et al. 1973, Applequist 1975). This 2oy

‘excess is maintained by delivery to the sea surface of unsupported BN
L R , o
'm, PbL produced in the atmosphere by R, decay (Rama et al. 1961).

(} f

b
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In some cases the largest  Ply excess is found at the immediate surface

(stakons 15, 18, 21, 22), but it is just as common for sub-surface maxima '

~ I

to occur in the 100-200 m depth range (stuliws8, 12, 23, 27, 323 .

Below the surface or near-surface maxima ,ma‘P}) concentrations show. -
a fairly smooth decrease through the thermocline, and the effect of the
atmospheric source appeé\rs to fall off‘ rapidly. At depths of approxi-
23 - :
mately 500 m,zm Pb and W'Ec& profiles cross, and belpw these depths P
1‘°"Pb is invariably dep]eted all the way to the bottom. It is interest- ‘
ing to note that, for all.of the Me-32 profﬂes between 14° and 22°N
(stations 8- 27), the point of crossing occurs at nearly the same potentia] '
' density surface (0 =27.0 0. 'I). This surface occurs s'hght'ly ‘above the
02-m1n1mum in this regwn. | |
- o At mid- depths there is a tendency for ?b profiles to parallel . = |
| . ) -
220 , !
' those of  Ka , and the two profiles often show a common maximum at
"" .~ about 1,000 m (skhws 18, 21, 22, 23). This simﬂarit‘y is to be expected
“ < U rY .
} ".if the principal source of * P is the decay of Re and if ?'Pl,
, _ ¢ ' ) .
i " sremoval processes are not confined to a particular level in the deep
water column. Curious excéptions to this general behavior are noted in
‘three of the profiles (sfabons18, 22, 23) at a depth of about 2,000 m,
o . . . ' .
. » & where Pb maxima (in each case defined by only a single point)
R 2) .
- coincide with ‘Ka minima,
200 . 20,
Close to the bottom, © Pb and  Ke profiles always show some

- tendency to diverge, w%th 2"°’Db concentrations decreasing toward the




<
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bottom and Reo concentrattons remaining constant or increasing

" slightly. A broad zle Th maximum frequently results. This effect 'is . Sy

~_\-

Jeast pronounced but still detectable, at skedionl2 in the Car1bbean
.(Venezuelan Basin), where other properties show the water column to be
wei] -mixed vertically be]ow il depth (1960 m). The observat1on that
e ’PL and u‘?a profiles diverge toward the bottom has been made
-».previous1y (Craig et al. 1973); its conflrmatwon here is regarded as
h\gh]y significant, because ‘it implies that FH; removal processes do"
"not operate uniformly N\th depth in this reg1on These jmplications
are further dlscussed another “wpw (3&‘—“* d al. ‘0‘"‘"3
Part1cu1ate 7?5 concentrations .are ordinarily in the range
0.2-0.5 dpm/lOO kg and show Tittle systematlc variation with depth.
_Uncommonly -high surface values were measured at- s{d.«mﬂz (1.7 dpm/100 kg)

and 21 (1.1 dpm/100 kg), and deep water values at stahw12 in the = . o
- Caribbean .appear. to be somewhat higher (0.7- 0 8 dpm/100 kg) than those ‘ ' }
’ |

o typtca'l of the other Atlantic stations.

An exceptwnal profﬂe occurs at ‘shudisn 18, where a well defmed

. partwu'late ““PlL maximum occurs at about. 3200 m. . This station was
located approximately 250 km west of the Mid-Atlantic Ridge crest, and
it is suggested (BGM 2* 6’ >that the anomalous d1str1butwn observed -
.'_here may be related to processes unique to this 'Iocatwn. A very
similar particulate 'Pb profile was obtamed by Somayaju'lu and Craig

(1973) -at GEOSECS 48,.a station similarly situated with- respect to the

“ridge axis.
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Unusually high particulate WQ'PI, concentrations are also found /
* close to the bottom at gte¥ 15 and are possibly- an indication of high
rates of scavenging within the near-bottom nephe]md layer. Re'latwe]/
Yow values in the d1ssolve’d ?l, profﬂe ave also <een .af —Hw\ same
c(o.‘pﬂﬂs The existence of a nepheloid layer at this station »co(n;d /not |
be confirmed by observation, but the di str1but10ns of hght scattemng
and total suspended load in the 11°N section given by Betzer et a‘l.
(1974 ) show that a nephe'loid 'layer'. should be present in this re.gio.ni.
- D1stmbut1on of '?o-

. o ' . .
With the exception of sbubiow 8, d1sso'lved Po ' shows a.deficiency

- at the surface, the extreme case being <hlion 15, whére dissolved — P .
was virtually undetectable at the surface. Th1s 'P/ P[) d1sequ1h~ |
brium has been noted prekus'ly,, and lt ‘has been ascmbed to the
preferential removal of Pa by plankton (Shannon et al. ,19703;/

' Turekian et al. 1974). ' |

Below the mixed layer, -2,-97% concentrations increase rapidly and .

usually pass through maxima at depths of 100 300 m. wi.thin these

-maxima > 7P often occurs in excess of 706 an effect which has not

“been reported in previous 'l'i'ter;at‘.ur*eo 'The ex1stenge of unsupported |
Ilo?o implies the operation of processes that rapi'd.ly s.upp'ly .&_lq;‘>o . o i

MY

© 40 this layer of the water column. This evidence for re-cycling of '

o2, within the thermocHne s further cliscinsod /97 vBcuo» 1 ol (‘97“)

Hithin the deep water 'P: concentrations show considerable

%Scattero and it is not possible to recognize any features that are




.are summarized in Table 1. " On the average, dissolved - Pe .activi-

TR
:plankton (Shannon et al. . 1970). Particulate ‘ Es - excesses are

. ' /0
~yeproduced from one profile to the next. 'Histograms of Po ZIOF?L ‘

activity ratios below 1, 000. m.are shown in F\gure 3, and statistics

. -
-
.
- .
\
.
. .

ties are less thaﬁ those of '7% by about 12%, a difference that is j

significant at the 95% confidence level. Thefe do not appear to be

wsignificant variations in the act1v1ty ratio with depth, but a weak

.suggest\on of a minimum ex1sts in the means for 1, 000-m intervals. - 3 ”/'

In the particulate phase '75 -near]y a]ways exists in excess of /

;RA , an observation that is consistent with the notion that

--deficiencies in .the dissolved phase are ma1nta1ned by interaction w1th ?/'
Aparticulate matter. At the surface, particulate 5%7/2'F4> activity /

ratios range fromll;d-s.ég similar to the range observed for phyto-

.

maintained throughout the deep water and on the average are just

K
sufficient to ba]ance;dlssolved qﬁg def1c1enc1eso Tota] Cﬁpa//blol?é

activity ratios are not significantly different ‘from 1.0.

)
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6. Conclusions 4 ;
Data presented in this paper confirm earller bbservations
lﬁhat 210py 35 generally enriched with respect to its radidabtiv?/f-
parent 226Ra in surface water and is depleted throughout the /
deep water column. Particulate 210py, profiles, however, // /
show little systematic varlation with depth and do not follow
-the pattern of increéslng concentration with depth predicted |
by the model of Craig et al. (1973). Lead-210 concehtratiéns
- often decrease with depth near the bottonm, suggestiné‘ﬁhat
“the seafloor is an important <19pb sink (Bacon 1975;'Bacon-v
et al. 1976). | |
Polonium-210 shows evidence of being rapidly removed from
surfaée seawater, as pointed out previously by others. A
»systematlc occurrence of unsupported 210?0 has been discovered
,at depths of 100-306 m throughout the tropical North Atlantic,
indicating rapid,; shallow re-cycling of this nuclide. At
jgreater depths there is a contlnuous transfer of 210po sprom

the dissolved to the particulate form. ‘This transfer is evidenced

by a 210p, deplétion in the diésolved phase and a corresponding

-enrichment in the particulate phase.
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TABLE 4

| - .Ll°' 210
Summary of T%>/ Pb  Activity Ratios

Below 1,000 m For All Stations. . i

" Confidence limits for the mean were calculated . _
at the 957 level. i 2//

Degth(m)

Dissolved
> 1,000 (all)
1,000 - 2,000

2,000 = 3,000
3,000 - 4,000

> 4)000

Total
> 1,000 (all)
1,000 - 2,000
2,000 - 3,000
3,000 - 4,000
> 4,000

Median ' Mean

.87 .88 £ .05 ' _
W01 95 .08 . //
.80 . .82i.4 /[
81 .81 .7 .
88 7,90 .07 /7/'
. // 'l
98 - 1.06%.06. g
1.00 1,07+ .08°
98 - 1.02%.8
92 . 103:.8 . o
.99 R 8 R T . L



Figure captions

l. Sampling locations for 210py ana 210Po during crulse 32
of F. S. "Meteor". Also shown are locations of R. V.

WKnorr" GEOSECS stations upon which estimated 220Ra ;

profiles are based.
2a-3. Vertical profiles of 210pp, 210p5_210py getivity
difference and estimated 226Ha for F. S.
"Meteor" crulse 32. Corrected results for unfiltered ; a
samples are plotted as open circles, and results from ///
aquestionable sampler are marked by parentheses. - //
3. Frequency distributions of 210Po/lePb activity ratios |,

at depths below 1,000 m for all stations. .



<

!o.

~
-
‘n
iIn
=
.
b
=
H
i3]
C
—
=
.
&
»
if
3
.
i
=
E .
'—1
=
-
ey
i
=
=
1
—
g
=
o
—
A
]
et
o
P.

. . -"
v ; B . &% S
£ ° F/S METEOR, CRUISE 3 ; o o
: " e TN j %
: © R/V KNORR, GEOSECS N i ;
. o - o n / - .
SRS ;
e s e o L e LT NI EEL LD L EREELLLS. J§fSqusesasyIesNsssaqRsRangaRsERasERsaesTsesnesousarassearsennnnsensssgaenssnsns: langacgsagsssentng
L L4 9° 80° e 0°* s0° 40 s0° 20° (o} Q* 10° 20° e T
. e B - »
¥ #e g | AREAIERY fh - i e o d ¥
. o s \\\ ; - Gl IR - . @re = .-.\. — . .. : - ,
- h i e . 7 g \ i v i AR g s : \
f . . S v
i £ % ; ¢ : : : . : i "S T Rk ‘
P SN e g ¥, e S SIS e A Sy . ’ i & L | L . it 3 ! Al o A RS I T EE S




DEPTH (km)

PARTICULATE PbL2I0 (dpm /100 kg) DISSOLVED PH210 /dpm//OOﬁ'g} ) ; .
-5 10 5 20 5 10 15 - 20 |
1 . 1 ] S | = . :
(--) - g :
1
M " 7 . /i
. . . | !
[
2 =l | ) v
\ A /- ‘
X , .
\ ) . ’ Lo
_ i S
3 - R - [ Ro 22.6 (est) / ‘
| O A
T l | .
5L L . ’

PARTICULATE Po210-Pb210 (dpm /100 kg) DISSOLVED Po2I0 ~Pb210 (dpm/100 Kg)

0 {f - 2 3 =10 -5 o )
-1 ¥ ¥ g
St e
T2 -
< .
Cosb = g
S S
) . i 4
S ™ - 3;/ ; :
"Bl . o . . . i 4 - . ; *
. L . S . -
-  METEOR 32 W R
'STATION 8 A : / _
.. e . v . N




PARTICULATE Pb2I1O (dpm/I00 kgl D/SSQL L{ED Pb210 (dpm/100kg) " /
1.5 20 5 . 10 15 20 :
5 1.? e - - L N .
. . / . ‘,,/.
1 - - .
] .
[}
] rof
I’ I
§ ?2r B { ,
A |
RN . .
E 3l . E Ra 226 (est)
CQ 1 .
| ¥
4i- - ,
' .
T
i
Sk . 7T
- PARTICULATE Po2/0-Pb210 (dpm//OOkb} DISSOLVED Po2l10 -Pb2I0 (dom/ 00 Kg.'/ _
0 4 2 3 -0 -5 0 5
--e T T I [ am e O =
fr -
-~ .
- 8 2l - /:
T 3 - / A
Q
: /
ar - /-
5% .
METEOR 32 s C,
STATION 12 : _
* i 1

.
A S-— - S—————— VS
. .

s ‘evmee o

S

s e
Qi e,



 PARTICULATE Pb2I0 (dpm /100 kg)

20 °,

DEPTH (i)

‘

3

~ DEPTH (km)

!

@.._.o..——

!

{
\
\

PARTICULATE Po210 ~Pb210 (dom /100 kg) DISSOLVED Po2i0 -FPb210 [dpm/ 100 Kg)
' -10

-5

-
.

—

-

~_ . .
. N o+ e+ - tn o

3 _
'
“ Ro 226 (est)

—

\

io 2iot

...__e-

[]
Tm °

METEOR 32

'STATION 15




DEPTH (km)

PARTICULATE Pb2I0 [dpm /100 kg)

5 10 1.5 20
o Y L —}
‘._
T2
&
N
&
4_
sk .

: PAkr/cuaArg Po210 —Pb210 [dom/I00 kg) DISSOLVED Po2I0 —Pb2I0 (dom/100 K9/
' | ' 40 -5 0 5

0

{

2

3

" METEOR 32

, / -
A
. - Do
 DISSOLVED Pb210.(dpm/1Q0kg) ;- 7
" 5 40 15 20 e
RV
o |
N U
" e/ :
o \ Ro226 {est) " '
\‘ .
|
L)
= reza
e

.

T o

v4/

.
e Bev e mime pmsme s o W

STATION 18 . T

o Rpaa



PARTICULATE Pb210 (dom/100'kg) = DISSOLVED Pb210 (dpm/100kg) -
5 10 15 20 5 10 15 20 ¢
e — T -
. . ' \\7’/. .
- »
N
§ 2| _
N ‘ .
& 3 oo O : - . . «» Ro 226 (est)
. : . _ N
o 3
e , .
. N ) . . . . . %‘,
: oL
. . . v
o5 . N W A . N
PARTICULATE Po2I0-Pb210 (dpm/I100kg) DISSOLVED Po2I0 ~FPb2I0 (dpm/100 Kg)
' o 2 . 3 - -10 -5 0 5
=2 == 1 } == = o
3 = 1y
.
& B ’
Lok a
8
41 o
.'55 Ty ‘ | 8 . grrer
' METEOR 32 L :
'STATION .21 o
’a

W% et e, (A L s

o ety

~——— .
-
d ~

D
-



eiste

"DEPTH (k)

2 .

3 |- NO PARTICULATE DATA
4 Y Lo

sl

 PARTICULATE Po2l0 -Pb210 (dp

DEPTH (km)

S 1.0 1.5

20 ’ 5

' ] '

0 { 2

i

3 b ]

2
) ’
3. NO PARTICULATE DATA

R (

m/I00 kg) DISSOLVED Po2/0 -Pb2I0 (dpm/ 100 Kgl
3 -10 '

e

METEOR 32

STATION 22

T

¢ ®ar . @ e

*
. .
" e e e o -




PARTICULATE Pb210 (dpm /100 kg) - DISSOLVED Pb210 (dpm/100kg) B
o 0 15 20 s © . 15. 20 |
G f: 3 | T <=2 T | . =
" i
1 . - / ;
‘ | | i
-~ . = . )
§ 2} - T I
N v L
t X \ - '::
N 3} . %\ Ro 226 {est) '
g \
< Y
LY
' \
4} . : \
1 . \
. \
'
S i - 7T wir
: PARTICULATE Pozfa-sz/d (dpm /100 kg) DISSOLVED Po2I0 ~Pb210 (dom/ (00 Kg)
. 2 3 4 5 0 .5
?H ¥ paaamen | . .“. . e
i a
=
1 _
2
Aar - b
. {4
S Hha f 7 ' . . ...1
R " METEOR 32
R ~* ‘STATION 23




DEPTH {/rm)

Cup/

PARTICULATE Pb2I0 (dom/I00 kg) ~ DISSOLVED Pb210 (dpm/100kg)

5 10 15 20 5 0 15 20
o= ) T 1 B n—— L ]
N
_ \, Ro 226 (esf)
:\\ ’ .
%
)
2
e \
)
]
]
]
!
- e

- PARTICULATE Po210 ~Pb210 (dpm /100 kg] DISSOLVED Po2/0 —Pb2I0 (dpm/100 Kg)

DEPTH (km)

‘s N

i
S

0 { . 2 -3 -0 * -5 0 5
.

T T ) ] ¥ -0*“;-’7..—?—1

_

"METEOR 32
STATION 27

.
St mas e comeme

R -
IR - XU S N R S T Y S

)



PARTICULATE Pb210 (dpm /100 kg/ 'DISSOLVED Pb210 (dpm/100kg) kX

S 10 1.5 20. 5

J T T 1 T ;)&”gbo- . '.:
. - . . . \ . 4" .
. - 7 .

.. .- o
(o) ' (&O‘}:

\
.\ \Ro 226 (est)

)

\

CEPTH (im]

]
v
777 wr

PARTICULATE Po210~Pb210 (dpm/I00 kg) DISSOLVED.Po2I0 ~Pb2I0 (opm/ 100 Kg)
6. 2 .3 -0 -5 O 5 -
X . . ) ! : .

T 3 . [ 3
i»—— |~
S 2 - i |
E i ' L a
. 3t - . b /
& . /
~al i . ,

_METEOR 32 Y S
STATION 32 ey

,
/
| VAR
3 o Rig2d




DEPTH (k)

(km)

PARTICULATE Pb2I0 (dpm /100 kgl DISSOLVED Pb210 (dpm/100kg).
S5 1.0 1.5 20 - 5 10 15 | 20

Lv- (o)

eM

N
i
i

o
1
)

. PARTICULATE Po210-FPL210 (b’pm//00 kg) DISSOLVED Po2/0 —Fb2I10 (apm/ 100 Kg)

0 i 2 3 . -1

| ! { |

) T = _
> e “%/\

-

S :
‘_@;}— . ",’.'
,‘

\
‘ -
A Y N
o N o ‘ o
\
v\
Y
N . ;
N '
3 Ro 226 (est oo
. LY . .
\

\
\

*

0", -5 0 5

JPEDN N R
—at . .

P‘q-. ] : ) .
tl  g—o— - S %

2_ . ) ‘. . . . L-.

g

| oéjém'
o
T
1

5L T S S

- : METEOR 32
S o STATION 34

. i

! !

¢

N



. NUMBER OF OBSERVATIONS

10~

05
\DISSOLVED Po-210/Pb-210

|>4,000m
- o

]

0 15

. TOTAL Po-210/Pb-210

05 40 15 20




et

Apovendixs Analytical results for F. S. "Meteor" cruise 32 

Samples marked "NF" in fhe far right-hand column
were not'filtered; those marked by asterisk‘were fronm
questionable sampler. Estimates of analytical precision
are based on counting statistics and experience with
replicate samples. Hydrographic data wererfurnished by

W. Roether.



Pot. Temo.

Depth sal. - Si /————Pb-ZEG———-} e 1
-?b _ , - : Ciss. Perz, Tot iss. Part. To%.
(=) (°C) (°/os)  (m/kg)  =m==mmmmmmececmeeees (dpm/100 kg)--=-m-omemommmmmmna-
7 -- %.420 1.3 1.2 .3 .- 1 1.6 --
5 -- . 35.626 .8 16 . .22 -- 14 1.1 --
25 17.508 36.451 1.6 2.7 .31 -- 16 .6 --
613 12.008 35.548 8.6 8.5 o .87 -- 8 1.8 -
723 7.704 36.966  -18.9 7.5 .63 - . 1.2 .8 --
1437 4.110 35.003 .12.4 3.1 .55 - 3 2.3, -
2592 2.775 34.961  23.9 4.6 36 - 3.9 1.0 -
A?] sarpTes ware collectaed ir 270-1 stainless-steel Garard barrels.
Hean estimated analytical precision (coefficient of variation)
a). Cissolvaed Pb-210, 7% - ' . :
b) Particulate Fb-210, 10%
¢) Uissolved P0-210, 1%
d) Particulate Po-27C, 18%
R y
. ‘\-; —



n‘ . ;.»."., . . l - . o ‘ . A‘.
Heteor-32, Station 12, 14.5°N 66.0°W, 11-12 November 1973, 4220 m.

Deptn  Pot. Temp.  Sal. si  ,y——Pb-210°

Diss. Part. = Tot. 6155. nggl? ~ Tot,
() (°C)  (%fee)  (um/kg)  —mmmmmmmmeessieemens(4p0/100 Kg)ommmooo-nmmnmmmmoses
8 28,042 34213 3.0 138 1.7 -- 3 16 --
48 28.001  34.271 2.9  12.8 2.0 e 5 1.0 -
ns 25029  3%.613 L2 7 .48 .- 16 1.1 --
298 15.909  36.136 41 109 .77 - . 14 1.0 --
593 '7.763 3485 193 7.5 .81 - 5 1.5- -
791  5.753  34.837  24.7 6.4 51 —- 6 8 --
g8 4.337  34.963  26.2 5.0 53 e 5.0 1.3 --
1486 4.050  34.972  27.1 4.1 .76 N - 1.2 -
1784 3.959  34.977  27.6 4.5 T -- 3.3 1.5 --
2183 3.885  34.977  27.9. 4.9 81 . - 2.0 2.2 -
B 2483 . . 3.858 34.983  27.9 4.4 74 - 3 1.6 --
i 3187 ~ 3.858 34.985  27.9 4.7 .78 - 1.8 1.5 --
’ . 3983 3.846 34,976  28.0 4.4 . .85 - 5 18 --
4713 3.853  34.982 28.2 3.8 Jb == 8 5 .-
4849 3.843°  34.981  28.6 40 .68 L -- & 2] -

A11 samples were collected in 270-1 stainless-steel Gerard barrels.
Mean estimated analytical precision (coefficient of variation} = .
a) Dissolved Pb-210, 7% '
b) Particulate Pb-210, 8%
¢) Dissolved Po-210, 28%
d) Particulate Po-210, 19%



R e o o

Hetewi-32, Station 15, 14.7°N 57.5°W, 17-18 November 1973, 5370 m.

depth ~ Pot. Temp.  Sal. §i.  p——— Pb-210' ——

| . o Diss. Part. Tot. biss. ngié? Tot.
() S0 BN CYO0 W (7772 S ¢ MUY 1 4 S
7 . Z7.250 3897t 3.2 21 33 - .2 16 --
78 27.318  36.43%5 1.0 -- - 21 -- -- 16 NF
149 23.429  36.98¢ 8 15 .46 -- 17 1.2 -
200 - 36.691 2.1 - - 15 .- — 25  NF
401  12.386  35.582 8.2 9.5 48, - 10 9 -
601 .7.988  34.93¢  18.4  -- - 84 - -- 15 N
799 6.254  34.787 238 7.8 .34 -, 6.0 1.0 --
1191 5.087 3497  18.9  -- - 7.5 - e 6.5 NF
1813 3.625  34.984 149 2.6 1.4 o - 3.1 4.9 -
-2615 2.784  34.95¢ 22.3 4.0 4 .- a8 2.0 - T
3215 2.340  34.93z  25.8 - - 48 - - 10 N
3813 - 1.986  34.90z 31.3 3.9 .2 -~ . - .46 1.2 -
4409 1.824  34.893  36.0 - - . 8.3 S 3.6 NF
4806 - 1.673  34.879  46.8 3.7 . 21 - 2.9 1.4 --
5200 1.436 - 34.840 61.4 2.2 107 - 2.6 3.7 -
5344 1,385 34.837 63.6 . 29 .51 - 2.6 2.6 --

All'samples were collected in 270-1 stainless=steel Gerard barrels.

Mean estimated analytical precision (coefficient of variation) . :
a) Dissolved and total Pb-210, 8% ' 4
b) Particulate Pb-210, 10% e o B RN :
¢) Dissolved and total Po-210, 14% , - ' : N : NG
- d) Particulate Po-210, 11% T ] o | o T
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Mateor-32, Statfon 18, 15.7°N 48.5°W, 21-22 November 1973, 3820 m.

Depth  Pot. Temp.  Sal. .  Si / - Pb-210

. , Diss. Part, Tot. 6155. nggl? . Tot. .
" () (°/oo) (um/kg) =------- mmm oo [dpm/100 kg)--mmeommmena- S
6 -- 36.432 - 1.0 21 T 1.4 --
59 25.806  36.900 .6 15.8 - .61 - 7 L9 --
84 23.857  37.154 4 143 85 - 11 - 2.6 --
112 22.694  37.201 5 143 . .28 - .7 .7 --
142 -- 37.070 .8 12.0  1.08.  -- 16 1.3 -
211 17.671  36.472 2.9 1.8 4 o 13 .6 --
295 16.671 35.867 6.3  11.3 42 - n Py A
392 - 11.680  35.405  10.9 9.1 .32 -- 9.5 .8 -- .
619 8.277  34.972 17.8 7.2 .96 - 6.6 2.0 - --
713 6.787  34.827  22.3 7.9 .36 -- 7.0 8 -
804 6.188  34.775  24.3 8.1 37 - 6.5 1.0 .-
980 5.435  34.840 24.4 7.9 .46 - 6.7 1.5 --
1144 . 5.045 34.958  22.1 7.5 .27 o= 9.6 = .6 -
1369 . 4.361 34,994 19.1 7.2 37 - 8] .8 --
1970 3.426  34.982  20.8 8.1 .42 -~ . 68 - .9 --
2464 2.805 = 34,964 28.8 7.0 . 67 - 6.8 2.1 -
2717 2.570  34.946 32.8 6.8  1.02  -- 49 . 29 -
3208 2.390  34.931  37.5 7.8 1.6 - . &9 . 3.1 --



.

Stat.uu']8 (COJf.) :

| | ﬁépth " Pot. Temp. sal. - §i f—— Pb-210 ——— 6““';'P°'27°'“ — <
© o Diss. Part. Tot. iss. ‘Part.  Tot.
(= ~ (°0) (°/oot - (um/kg)  =--====m=co=emccemceo(dpm/100 kG)--=-mmmmiomomo-oomoms |
3506 2.232  34.919  40.5 7.2 92 . .- 3.5 3.5  --
3788 2.13  34.918 42.4 6.6 .95 -= 3.4 2.9 --

. and below were collected in pairs of 30-1 PVC Hiskin bottles.
Mean estimated analytical pracision (coefficient of variation)

a) Dissolved Pb-210, 7%

bg Particulate Pb-210, 3%

¢) Dissolved Po-210, 13%
d) Particulate Po-210, 152

Sampies at 1369 m and above were eollected in 270-1 stainless-steel Gerard barrels; samples at 1970 m

fou
/?ﬁ-;




Meteor-32, Station 21, 16.3°N 41.1°H, 24-25 November 1973, 4690 in.

Depth Pot. Temp. Sal. Si /— Pb-210

+ Diss. Part.  Tot. éiss. pgéfz? Tot,

(m) (°C) (%oo) (um/Kg) mmmmemmeecemeeaoo (dpm/100 Kg)=mmmmmmmamammmcamann
7 25.909  36.977 .5 18 1.1 o- 8 1.3 -
47 °  26.011  37.259 5 17 . .55 -- 7 1.9 --
97 - 23.605 37.287 .5 17 .27 .- 17 1.5 --
147 21.063  37.112 J 133 1.2 -- 19 1.6 --
194  18.640  36.702 1.5 == . - 155 - o . 19
247 16.844  36.361 2.5  12.0 .26 e 13 1.1 . -
336 12.790 35.65¢ 7.9 7.0 .33 - 10 1.0 -
489 11.058 ~ 35.388  11.4 = = . -ec 9.7 - -- -- 9
- 595 8.857  -35.099  16.6 6.4 - 1.03 -- 5.6 2.1 -~
791 - 6.563  34.880  22.9 7.4 28 . == 65 .9 .-
980  5.725 34,914  23.3 8.4 .45 - . 6.4 1.0 -
176 5.108  34.971 21.8  Llost = .46 . - Lost 1.2 .-
1468 - 4.280  35.003 . 19.4 7.6 .45 - .71 15 -

1966 3.306  34.972 21,7 7.5 40 .- 89 1.5 -
2462 - 34,950 . 22.1 8.0 36 - C 7.2 .8 --

A1l samples were collected in 270-1 stainless-steel Gerard barrels.
Mean estimated analytical precision (coefficient of var1at1on)
a) Dissolved and total Pb-210, 7%
b) Particulate Pb-210, 9%
- ¢) Dissolved and total Po- 210, 11% - S
d) Part1cu1ate Po-210, 14% , . NG



1\

} or-32, Station 22, 16.5°N 37.0°W, 26-27 November 1973, 5450 m.

» e ) L | | .
| D?ptn e ‘..'Temp. .SCT. > Diss Part. -Tot. 55’55. 533‘10 Tot.
(M) (°C)  (%ee)  (u/kg)  mmmiiemememeleeoen(dp/100 Kg)ommmmeeoemmmmneemen
7 25.742 . ©37.046 417 -- .- 2 - .
77 24.060  37.288 .3 15 - - 8 - -
156 19.920 36.996 .8 16 -- - 15 - --
236 14.588 - 35.910 6.0 9.5 . -- - 12 -- --
295 13.130.  35.661 8.2 10.2 - - 10 - -
345 11.986  35.486 9.9  10.6 -- - 9 - - -
394 11.132 35.360 116 8.4 - - 1 - -
492 9.567 35.164  15.4 8.6 -- -- 9 - --
684 7.290 34,909 214 9.3 -- - 9 .- --
881 - 6.104  34.856 24.4  10.0 - - 6.2 - -
1176 5.186  34.975 22.2 8.8 - -- 54 .- -
1569 4,053  34.996  20.6 7.3 - . 8 - -
1963 3.376  34.976  22.2 9.0 .- - 8 - -
2356 2.932 - 34.¢54 ' 27.8 8.2 -- - 6.6 -- --
- 2743 2.631  34.642 32.7 9.5 -- - 7 -- -
3282 . -2.339 3824 38.2 L7 .- .- 7 - --
3777 2.130  34.504 42.1 . 1.1 .- o 9 . -
4272 2.007  34.695 45.17  10.7- - -- 10 - --
-
- N -
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Station 22 (coht.):

Depth  Pot. Temp.  Sal. si f———— Pb=210 —— PO-210 ——\
. . Diss. ‘Part. - Tot, 6%55. Part. Tot.

RS TN G N (YN0 Y 777 %) B (57100 Kg J-mmmmmmommav pommont
4768  1.877  34.883 48.6 - 9.4 .- oo 8.4 - -
5215 1.834 34.882 49,2 8.9 - - 81  e-. - e=
5414 1.835  34.889  -- 8.7 . - - 7.4 - -
A1l samples were collected in 30-1 PVC Niskin bottiés.
Mean estimated analytical precision (coefficient of variation)
: a) Dissolved Pb-210, 7%
b) Dissolved Po-210, 15%
- ;
- ‘{\ | .
) \ \\
N N
\\v ~_ .\
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_Me  r-32, Station 23, 16.5°N 31.9°W, 28 November 1973, 4940 m. R . :

,
b bep e emy - e ) .
fepth Pt Teme Sl S e Rt Wb fee hart . Tod
(") (°C) . (°fee)  (um/kg)  mmmmeemmmmmenileccoe(dOn/100 Kg)o-enomnmmmnmmmmnnaes
T 25.352  36.7%3 3 9.9 22 - 43 1.0 - --
: 96 21.299  36.903 2.6 83 . 5.  -- 9.7 .8 --
145 17.845  36.577 4.2 - e 119 - - - 14 NF
195 15.921  36.178 8.5 9.6 28 = 18 .9 -
294 12.713  35.616 85  -- = 0.7 - .- n NF
392 10.968  35.358  12.0 8.3 .29 ol 9.4 1.1 --
- 510 8.889 35,071 16.6 7.2 28 - 8.4 9 --
610 ©7.740 34,929 19.8 -~ . - -+ 88 - -- 8.2 NF
710  7.454  34.915 20.6 = 8.5 .28 - 1.9 1.0 -
1008 5.633  34.913  24.3- - - SN 8.7 NF
1206 5.202  34.989  22.0 9.0 .18 — 85 L7 -
1403 4.555  35.006 21.0  -- -2 9.3 - - 8.7 NF
1600 3,991 35.001 217 7.8 .28 -- 7.2 1.6 --
1964 . . 3.432  34.978  22.8 9.4 27 - 7.5 8 --
2456 2.906 - 34.956  28.0 8.1 Jd9 - 9.1 1.6 -
2948 2,557 - 34.938  34.2  11.4 .15 . -- S 74 1.6 -
3515 2.271 34.918 © 40.4  11.8 .18 . .- n 16 - -
4014 2.032 - 34.858  46.4 13 28 e T 1.3 -- :




Station 23 (cont.)

Depth ~ Pot. Temp.  Sal.  Si  ,——Pb-210 —— Po-210 ——y
, . Diss. Part. . Tot. 6155 © Part, Tot.

(m) (°C) (°/o0)  (um/kg)  ~mmemmmmeeeeea (dpm/100 kg)=memsmmcmmmmenmeaem-

4513 1.947  34.8%6  49.1 © 11.2 20 . e 10 1.9 --

4873 1.870 34.878 49.7 9.8 31 - 10 2.0

.

Samples. at 1600 m and above were collected in 270-1 stainless-steel Gerard barrels; samples at
1964 m and below were collected in pairs of 30-1 PVC Niskin bottles..
Mean estimated analytical precision (coefficient of var1at1on)
a) Dissolved and total Pb-210, 7% .
b) Particulate Pb-210, 10%
¢) Dissolved and tota1 Po-210, 10%
d) Particulate Po-210, 12% :

&

/J

s

. te



" M or-32, Station 27, 21.7°N 24.0°, 2 December 1973, 4950 m.

Depth  Pot. Temp.  Sal. Si e Pb-210

. . 4 Diss. Part.  Tot. 615; PgailO Tot.
(=) (°¢)  (°/eo)  (em/kg) | ---mmeccemmmeneeeee- (dpm/100 Kkg)---mmmmmmmmmommanane
8 23.208  36.€30 .1 7.0 .6 . - & o7 --
96 19.384  36.420 2.3 6.6 51 - 10 02 --
195 16.978  36.473 1.9 13.4 . .38 . s 13 .5 --
294 14.837  36.046 4.1 1.2 . .56 - 131 --
393 - 13.306© . 35.797 5.6 10.6 52 s- . 9 4 .-
492 1.812  35.572 8.2 8.3 52 .= M 4 --
591 10.271 © 35.3% . 11.9 82 . .35 .- -9 7 -
o789 7771 35.09% 18.4 . 8.0 400 -- 1 g e
985 6.310  35.004 - 21.1 - 7.7 .35 -- 6 1.1 -
1181 5,773  35.066 19.9 7.3 .44 - 8 ‘1.2 - T
2216 3.276  35.004 28.2  Lost .82 -- Lost 1.1 -
3014 2422 36.93 3.0 10.2 33 .- 1 14 -
4002 -~ 2.025  34.898 44.8° 141 .3 - 2 18 -

4894 1.978  34.898 . 46.6 - 12.4 - .30 - . 1N 1.6 -

Samples at 1181 m and abova were collected 1in 270-1 stainless-steel Gerard barrels; samples at
- 3014 m and below were -ollected in pairs of 30-1 PVC Niskin bottles.
e . Mean estimated analytical precision.(coefficient of variation) - : , . j
X a) Dissolved Pb-210, 7% T _ , - . 1
: b) Particulate Pb-210, 9% ' ' '
- ¢) Dissolved Po-210, 1ag L . ,
d) Particulate Po-210, 26% | ' N NG

S,
T




e

Heteor-32, Station 32, 33.8°N 13.4°M, 11 December 1973, 4440 m,

Depth | Pot. Temp. Sal. | Si R b-21¢ Y 61-;— Dg;glo -—.-—1;}"

(m) (°C) (°/o0)  (um/kg)  -om-esommemccocaans (dpm/100 Xg)-m=mmmmmmmmmmemmenen

7 19.005 36.628 16 .29 -- 7.2 1.3 -

97 18.954 36.619 - -- 20 - - 7.8 NF
196 14.823  36.041 .- oo 15 - on 14 NF
295 13.874 35.935 , 12.3 . 55 - 11.6 .60 -

393 - 12.918 35.800 - -- v 12.6 -- o 12.7 NF
491 12.18  35.677 10.4 .53 -- 10.6 1.1 --
. 590 11.317 35.579 - - 11.9 -- -- 9.7 NF
- 687 10.758 35.556 - 8.8 .43 .- 7.9 .82 --
787 10.403  35.654 7.9 .30 - 7.2 -85 -
886 9,887 35.677 6.9 .25 - 6.8 .58 --
1034 9.445 35.768 6.2 .86 - 5.4 .8 -
L1182 -- 35.829 6.2 .24 - 6.2 46 --
1280 8.821 35.818 7.0 .20 - 5.7 .70 -
e n L - -- 6.7 - e 6.4 NF
1379 - 8.183 35.751 7.0 16 .- 5.8 .64 -- '
1477 "7.426  35.636 5.9 .54 .- 4.7 .8 - *
. T — e - 6.8 - .- 6.7  NF*
2195 . 3,701 & 35.072 7.6 .14 - 6.1 1.0 --
| o A
N
| X -



Si  ‘on 32 (cont.)-

/’ Lo

Depth  Pot. Temp.  Sal. S  ,—— Pb-210 ——\ Po-210 —
' . , S : Diss. Part Tot. 6iss. Part. L.
(m) (°C) (%e0) . (um/kg)  ----mme-- memmmenoe- (dpm/100 kg)-==memmmeeame S
3021 2522 34.940 10,0 . .23 - 69 . 1.0 --
3519 2.236 34.970 R § P .21 .- 9.2  1.37  --
’ 40]8 2.112 34-900 1]02_ 016 hitad 9.] 1-] hitad

438 2.071  34.897 0.6 -, .32 - 15 1.0 --

;Samples at 1477 m and above were collected n 270-1 stainless-stee] Gerard barrels; saines ét

2195'm and below were collected in pairs of 30-1 PVC Niskin bottles.
Mean estimated anmalytical precision (coefficient of variation)

a) Dissolved and total Pb-210, 7n .

b) Particulate Pb-210, 11%"

cg Dissolved and total Po-210, 8% ,

d) Particulate Po-210, 13% :

R

+ te =

@



Meteor-32, Station 34, 38.5°N 11.5°W, 13 Decenber 1973, 4930 m.

e ~- D
e Tem S S oy iy
(m) (°C) (°/00) (um/kg) =-=memmmecaeeo- memmme (dpm/100 kg)-==mm-=mmmmmu- e
288 12.529  35.767 - 10.2 . .89 -~ 10 1.5 --
359 11.989 35.699 9.2 .59 -- 8.7 g -
521 11.300  35.646 8.0 . .39 - 8.2 .7 --
682 12.004  36.075 6.7 .62 -~ . 93 .8 --

842 1.473 36011~ 7.7 .86 . - 8.0 .8 = --
1004 11.400  36.252 4.7 96 - 6.8 1.0 -  --
1165 10.902 36.247 5.3 .62 — . 42 1. --
1326 9.954  36.115 4.7 43 - 4.6 1.0 --
1407 8.978  35.933 - 4,3 1.3 - 3.9 1.6 . --
1569 6.952  35.555 T 5.3 48 - 41 L5 --

A11 samples were collected in 270-1 std161ess-$iee1 Gerard barrels.

 Mean estimated analytical precision (coefficient of variation)

a)

9

- d)

Dissolved Pt-210, 8%
Particulate Pb- 210 10%
Dissolved Po-210, 11%
Particulate Po-210, 22%

w1

e
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Cruise plans for R/V METEOR

FLEX information update 4

'FLEX information update 5

Report on the FLEX plankton studies workshop
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“HMay 11

TENTATIVE CRUISE SCHEDULE R/V KHORR CRUISE 54

May 5
May 5 - May 7
May 7 ~.May‘1]

- May 13
May 13 - May 16
May 17 - May 20
lay 20 - May 24
May 24 - May 26
May 26 - May 30
May 30 - June 4
“Junc 4

MAY 5 - JUNE 4, 1976

OSTEND, BELGIUM TO REYKJAVIK, ICELAND

Depart Ostend

Transect to FLEX»Box; Coring

FLEX- Box I;TCTD'Sections> Large Volume Water SampTihg,;'

--Hydrostations; Coring, Plankton Tows

Section East; CTD, Hydrostations, Coring;"P]ahkton
Tows, lLarge Volume later Sampling L

" FLEX Box II; work as FLEX Box I

Section North; work as Section East

" FLEX Box III; work as FLEX Box I

- Section Northeast; work as Section East

FLEX Box IV; work as FLEX Box I

Transect to Iceland; CTD's Hydrostations; Largé Volume

Sampling, Coring in Faroes-Scotland )

Overtlow and Morth Atlantic

Arrive Reykjavik

CRUSE DATESC  werr . PROBIRLY .~ CHIMGE

BN Twh  DAYS

pMAY 7 T ETONbfé‘l

ATTACHMENT 2, Page 1

‘Research Cruise Prospectus

- /"77/"”-{ Dular

»

and Foreign Clearance Requesj



“HYDRO STATION. HORK

1)
2)
3)

-
6)
7
8)
9)

10)

1)

12y

-Piénkton Tows (Bowen)

o _ . on -
-Large Volume Casts - (Bowen) Sr“o, Cs '™

ALérge:VO]ume Casts (Spanﬁér) Pb

Hydrocast CTD Rosette ‘10 bottles) Hutrients, oxygen, particulate

. . THiuf-Hed . salivak,, BReep -
Hydrocast live 5 bottles) matter, tritiwh Hb. , S A“AI: ,,F

Box Core (Johnson)

Core (Bowen)

Plankton Tows :(Spehcer) :

137, Transuranics.

210 FOZ]OA

‘Radium - 228, 226 Casts

Insitu Filtration

. P]anktdh Tows, etc.” (German Scientists)

bﬁﬁéfﬁﬁofk* (German Scientiéts)"\

' ATTACHMENT 2, Page 2

‘Research Cruise Prospectus
and Foreign Clearance Reques



11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

Spencer, Derek
Brewer, Peter
Kadar, Susan
Smith, Clarence
Fleer, Alan
Sachs, Peter
Little, Kate
Livingston, Hugh
Ball, Lary
Anderson, Robert
Dykstra, Suzanne
Schroeder, Brian
Gschwend, Phillip
Johnson, Thomas
Elkins, S.
Vadnais, Romeo .
Houvenaghel, Guy
German Scientist

German Scientist

. German Scientist

SCIENTIFIC PARTY
R/V KNORR CRUISE 54

WHOI
WHOI
WHOI
WHOI
WHOT
WHOI
Student
WHOI
WHOT

- Student
WHOI
WHOT
Student
U. Minn.
U. Minn.
SI0

U.'Brusse1s

[emd

. Hamburg

. Hamburg

c

.. Hamburg

U
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I.  SCIENTIFIC PROGRAMME

A, The FLEX programme and its relation to JONSDAP '76 - E

Since several years investigations on marine ecosystems

have been undertaken with increasing effort. One of the

reasons may be that the manyfold interests in the utilization
of the sea -~ of their resources, by ships, for recreation,
but also for waste dumping ~ have lead to conflicts,
advocates of unconditional utilization or even inconsiderate
exploiting standing against defenders of rigorous protec-
tion measures. Arguing for a reasonable compromise taking
as many interests into account as possible is difficult as
long as there is no sufficient scientific background,
consisting of precise quantitative information on the
interactions between the various physical and chemical
environmental influences on the one hand, and the

biological processes on the other hand which include the
complete food chain from the primary production of phyto-

- . plankton until men's interference by fishery.

Certainly there are already numerous investigations on

partial aspects of ecosystems, but most of them are not
satisfying the requests of models neither by the number
Aof measured parameters nor by their precision or their

temporal and spatial resolution. Models are necessary,
however, for predicting the influences of any measures

or natural events,

Among the scientists cooperating within the "Sonder-
forschungsbereich 94, Meeresforschung Hamburg" which
by its interdisciplinary charactervoffered good chances
.for systematic investigation on ecosystems, first plans
for a joint research programme were developed and
introduced to the North Sea oceanographic community
during a meeting of the JONSIS group in 1973.

(= Joint North Sea Information System).

-5 -
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It prbposed a three—month'slexperiment in spring 1976
in the Fladen Ground region of the northern North Sea,
by cooperation of several reﬁearch vessels,

The goal was defﬁned: to investigate in a continuous

and intensive manner the processes within the ecosystem

. during the phése of first spring heating and of the

beginning. of the spring plankton bloom,

.The Fladen Ground was selected because this region offers
various favourable conditions for an undisturbed ecosystem,
It is more or less free of direct coastal influences and
it has sufficient water depths. There is regularly a
thermocline developing during spring and summer, and

net water transports are relatively small.

Another reason for proposing that location and that time
was that the JONSIS group had decided one year before to
carry out another large-scale experiment which was
scheduled to measure the currents and water levels at the
northern boundary of the North Sea. The goal of this
experiment was to obtain sufficient data from simultaneous
measurements for calculating the budget .of inflow / outflow,
for improving the North Sea tide models and the knowledge

of the residual current system.

It was natural to link both projects also in time, and

thus the planning was continued under the joint name

" JONSDAP '76“ (= Joint North Sea Pata Acquisition Programme),
meaning now "FLEX '76", for Fladen Ground Experiment,

and "IN-OUT", for the current measurement programme,

The latter project was lateron enlarged to the whole

North' Sea by French, Danish and Swedish participation,

and complemented by several current mé%er profiles or

stations within the interior of the Narth Saa,

During the Constitutional Meeting of ICES 1974 in Copenhagen
the North Sea Working Group of the Hydrographc Committee
recommended to support the work of the JONSIS.Sub. Group,

-7 -
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and thus a joint ICES / JONSIS VWorking Group was named
and approved in order to finalize the planning,
Several meetings followed until the end of 1975 during
which the individual plans could be matched and an

Aoptimized programme could be agreed upon,

St ppas o R e

It became obvious, however, that neither the .nuinber of
vessels available (indeed more than a dozen) nor the
number of berths and facilities were sufficient to
comply with all requests for participation, but on the
other hand, also that there were some bottlenecks with
some disciplines considering a several months activity
at sea. Therefore not all parameters would at all times

be measured to the desirable extent,

Nevertheless, all participants hope that the resulls ol
this experiment, a first in this kind and size, will

at least bring a considerable step forward on the way

to the understanding of ecosystems,being aware of course
that one cannot expect a cbmplete solution of all questions

from such a first attempt.

B. R.V. "METEOR"'s _tasks within_ FLEX '76

1. General Strategy

An area of about 100 km x 100 km side length was defined
as working region, called "FLEX BOX", with its centre

at about 58°50' N and 045 E. All participating vessels
will be working within this area during theagreed period
from mid of March until mid of June, 1976, with probably
5 to 6 German, 3 British, 2 Belgian, 1 Dutch, 1 Swedish
an 1 US-Americaen research vessels, supported by one or
two research aircrafts., The majority of the vessels will
work "roving", i.e. by running systematically profiles
covering the whole area. "METEOR", however, (during her
absence "ANTON DOHRN"} too), and a Belgian vessel will
work in a "stationary" manner, i.e, she will try to
measure the temporal variations at a defined location, or

within a defined water body as long as it can be marked.

.=-9 -
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These ships' measurements are'to complement the records of
numerous recording instruments (current meters, thermistor
chains) moored in-an array within the FLEX Box during the

whole period of the experiment (see map, Fig. 1).

vPart of these instruments will be moored by "METEOR"
already during the preciding cruise No.40 € (4. - 16.3.)
together with the "IN-QUT"~instruments, At the beginning
of leg 2 of this cruise No. 41 the "IN-OUT"-instruments
will be recoveredby "METEOR", and some of them re-denloyed’
additionally in the FLEX Box. The final recerry af .all
instruments will be undertaken during the end phase of

leg 3 (June).

Summarizing: RV "METEOR"'s tasks are not only the central
part of the German contribution to FLEX, but they may be
considered, too, as being one of the most important parts
of the whole FLEX pfogramme; cdvering neafiy its full
_period. It was therefore agreed that RV "METEOR" will act
as a central communication station, being available for

the exchange of informations and news as well as of impor-
tant data betyeen the participating vessels. A similar
function will beTpractiSed ashore by.the Fishéry Laboratory

in Aberdeen, Scotland.
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2. Programmes of the various disciplines

During all three legs of this "METEOR" cruise {(except the
phases’  of deploy and recovery of moorings) a standard
station programme will be carried out on a routine schedule
with a 6-~hourly repitition rate (0, 6, -12, 18 hours
local time). For some special programmes .there is a more
(or less) freguent rate of measurements possible. .

In the following paragraphs the various programmes are

.explained separately.

a)  Physical Oceanography

Temperature, galinity and, thereby, density layering
will be measured by means of the "Bathysonde" (CTD).

One instrument of this type will be combined with a
rosette sampler and be used during the standard stations
in order to synchronize the chemical-biological sampling
with the physical measurements, Between the standard

stations another Bathysonde and a profiler will be used,

the latter to obtain vertical profiles of the current shear. .

Data on sea waves will be transmitted from 4 "wave-rider"
buoys deployed in the FLEX area and recorded several times
per day on board of "METEOR". (DHI)

The optical measurements consist of vertical profiles of

_ daylight intensity (by a quantameter) as well as of

attenuation and scattering. Light absorption will be

measured in various wave lengths. Thesemeasurements will

be made at least during the standard stations, (IPO)

b) Chemistry

For investigating the inter-relations of the various
bio-chemical parameters with each other it must be ensured
that all sémples for the individual measurements have been
taken from the same major sample. That is why these samples

will normally all be taken from one big bottle of the

- rosette sampler and subdivided for the various chemical and

biological determinations. The followlng chemlcal

components will be analyzed :

- 13 -
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nitrate and nitrite, >ammonium, phosphate and silicate

(by means of an autoanalyzer);

the elements N, C and P from the particulate and the

dissolved fractions (by means of a CHN-Analyzer and an

autoanalyzer);

dissolved carbohydrates and amino acids (by column

chromatography);

particulate total carbohydrate and proteins (by colorimetry).
(10B)

i
[
i
'.

:5
‘i
J

c) Biology

The distribuiton of species and quantities of phytoplankton
will be determined by counting from samples taken from

the same bottles as the hydrographic samples,

Clorophyll will be measured by filtrating samples from the

same source, and production rates by using the C-method.

The 1yc—measurements will be made "in situ" (from a

drifting buoy)  as well :as on deck by a simulation method,
(BAH)

The chlorophyll determination from samples will be

complemented by vertical profiles using a fluorometer which

is ‘combined with a light scattering recorder. (IHF)

Zooplankton investigations are limited to determinations
of filtrated samples from the standard waterbottles (IHF)

and to experimental determination of food uptake and excretion

rates by means of counting and marking techniques. (UB, MLA)

The main microbiological work is the determination of
bacteria which are forming colonies in cultures.
The samples will be taken by meahs of special sterile

sampling techniques from 8 depths at the usual standard times,
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Selected organisms will be isolated for physiological

investgations to be made lateron.

Some investigations on bacterial parasites of bacteria

will be made in addition, using newly developed techniques
for isolation and determination of quantities. (IAB)

Moreover, the respiratory activity and the uptake of

marked substances by aeorobic planktonic bacteria will

be determined from samples taken 3 times per day from
3 selected depths, . (us)

a) Meteorology

Some of the meteorological parameters have an immediate
influence on the investigated ecosystem, This concerns
the physical oceanography (wind waves, winddrift currents,
sea surface temperatures), as well as the biochemical

processes‘(photosynthesis) with the primary production.

Therefore the 3-hourly usual routine weather observations

will be increased (particularly by hourly wind and air

temperature measurements) (swa, M I) end in addition,

solar and global radiation will be registrated using

solarimeters and pyranometers. (1I6M)

- 17 -
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SIT,

1. ‘DHf
2, MI

3. IHF
L, I0B
5. IAB
6. SFB
7. BAH
8. IGM
9. Iro
10, UB

1. MLA

. TEILNEHMENDE INSTITUTE

PARTICIPATING INSTITUTES

Deutsches Hydrographisches Institut
Bernhard-Nochtstrfe 78, D-2000 Hamburg 4

Meteorologisches Institut der Universitiat Hamburg

BundesstraBe 55, D?ZOOO Hémbnrg~13

‘Institut fiir Hydrobiologlie und Fischereiwissenschaft

der Universitdt Hamburg
Palmaille 55, D-2000 Hamburg 50

Institut fiir Organische Chemie und B1ochem1e
der Universitdt Hamburg

Papendamm 6, . D-2000 Hamburg 13

Institut fiir Allgemeine Botanik und Botanischer Garten
der Universitdt Hamburg

JungiusstraBe 6 - 8, D-2000 Hamburg 36

Sonderforschungsbereich 94, Meeresforschung,
Universitdt Hamburg .

Bundesstraﬂe 55, . D-2000 Hamburg 13

Biologische Anstalt Helgoland
D-2191 Helgoland

Institut fiir Geophysik und Meteorologie
der Universitidt Kéln D-5000 K&ln 41
"Kerpener Straﬂe 13

Inotituto of Physioal Oooanography,
University of Copenhagen
Haraldsgade 6 DK-2200 Copenhagen N

Laboratorium voor Ekologie en Systematiek,
Vrije Universiteit Brussel

A, Buyllaan 105 B-1050 Briissel

Marine Laboratory, Dept. of Agriculture and
Fisheries .for Scotland :

P.0.Box 101 GB - Aberdeen AB9 8DB

- 18 -~
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III. Zeitplan

.Time Table

Fahrtabschnitt Ab Hamburg : 22, 3. 1976
Leg 1 An Hamburg 15. 4, 1976

24 Tage
Fahrtabschnitt Ab Hamburg 22, 4, 1976
_Leg Co2s An Aberdeen 18, 5. 1976

26 Tage
Fahrtabschnitt Ab Aberdeen 21, 5. 1976
Leg 3 An Hamburg 16. 6. 1976

26 Tage

Postanschrift ABERDEEN : / Postal address in ABERDEEN

Konsul der Bundesrepublik Deutschland
Mr. Andrew H.S. Lewis

23, Commercial Quay

GB - Aberdeen AB1 2NR

-
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Iv. 1
SHIP'S COMPLEMENT "METEOR"
Name Funktion Name Funktion
Meyer, Uwe Kapitén Kuhn ‘Decksmann
Fietz I. Offizier Tebbens 1. Koch
Kettlerx IX. Offizier Gotthardt 2. Koch
Hartwig 2.11.0ffizier Fischer Koch
Santjer ITT. offzier Tasser Koch u. Bédcker
Kl&duschen 1.Funk-0ffizier - Mahnke 1. Steward
Mitschidin 2 .Funk-Offizier -Hermann Steward
Pakulat Verm.Techniker Wels Steward
u.3.0ffizier Kalix - Steward
Rothstock Ing.Nachrichten- Nietupski Steward
technik Jittner Steward
:Bettels Ing.~Nachrichten- Ammermann Leit.Ingenieur
technik Kuleisa Masch. Ing.
Meyer, HF -Techniker Vorwerk 1. Maschinist
Christ.
Tfamp Techn., Ang. Mahrt 2, Maschinist
Ranalder Bootsmann Kiillper 3. Maschinist
Fink Zimmermann . - Gerbig .4, Maschinist
Kruse Matrose Kuschnereit 1. Elektriker
Neugebauer Matrose Paech Elek.Assistent
Nagorsen Matfose Fellner Storekeeper
Gschnitzer Matrose Gudehus Ing.Assistent
- Wilms Matrose Olbrich Ing.Assistent
Borth Matrose Eilers Ing.Assistent
Bagniewski Matrose Krebs Ing.Assistent
Urban Matrose Holtappels Motorenwirter
Zoger Matrose Hennecke Motorenwdrter
Jenl Matrose Gaden Motorenwidrter
" Geil Matrose ':Vong Vés;her,
Bordwetterwarte
Apsenniti I
Franke, ORR Dipl.Meteorologe Ochsenhirt Funkwettertechn,
Abschnitt II und III '
" Dr. Puls,ORR Meteorologe " Bassek

STAMMBESATZUNG “MEfEOR"

PO

Hospital

pr.Gerloff Bordarzt (Abschaitt I)
Dr. NN Bordarzt (Abschnitt II und IIX)

- 20 -

Funkwettertechn.

.Name -

Backhaus, «
Becker, G.

Behmann, W,

- Biermann, I

" Buch, E.,

Carlson, H
Chilian, R
.Daro,  -Mme.
Dittmer," K.

Eberlein,K

* Fichtner, .]

Gamble, Dr
Hagmeier,

Hammer, K.

1Hempei, R.

Hentzschel
Heuer,'Fré
Ho jerslev,

Huber, Dr.

- Hiibner, H.

Hiihnerfus,

Joiris, Dr

Kanje, Fra

Kattner, G

[T Y Stk st — oo e
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Iv, 2 Teilnehmende Wissenschaftler und Techniker
Participating Scientists and Technicians

Name- Fachgebiet Institut
Backhaus, J., Dipl.-Oz. Physikalische Ozeanographie DHI
Becker, G. Dipl.-0Oz. Physikalische Ozeanographie DHI
Behmann, W,, cand.rer.nat, Meteorologie IGM
Biermann, Frau M, Chemie IOB
Buch, E., cand.rer.nat. Meeresoptik I1PO
Carlson, H,, Dipl.-Phys, Physikalische Ozeanographie DHI
Chilian, R., cand.rer,nat. Meteorvlogle MI
Daro, Mme, M,H, Mikrobiovlogie UB
Dittmer, K,, cand,rer.nat. Meteorologie MI
Eberlein,K., Dipl.-Biol. Chemie I 0B
Fichtner, H. Chemie I 0B
Gamble, Dr, J.C. Bilologie ‘M L A
Hagmeier, Dr. E. Biologie B AH
Hammer, K.D.,, Dipl.-Biol, Chemie I OB
Hempel, R. - Physikalische Ozeanographie DHTI
Hentzschel,G, Dipl.-Biol, Mikroblologie I AR
Heuer, Frau Biologie IHF
H jerslev, Dr, N.K. Meeresoptik I PO
Huber, Dr. K. Physikalische Ozeanégruphie DHI
Hiibner, H; Physikalische Ozeanographie DHI
Hiihnerful, Dr, H. Chemie I.OBRB
Joiris, Dr. C, Biologie UB
Kanje, Frau Biologie B AH
Kattner, G, Dipl.-Biol, Chemie I B

- 21 -
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Name Fachgebiet . Institut

Kempe, P. Physikalische Ozeanographie DHI 1. Fahrtabschni#:

i Konig, Frl. Chemie I 0B : 1st Leg
? Koltermann, X.P.,Dipl.-0z. Physikalische Ozeanographie DHI b
. Krause, Dipl.-Biol. Biologie ’ ’ IHF
i . A . : Fahrtleiter
: Kiisters, Frau Mikrobiologie I AB
- ) chief scientist
: Lenz, W. pipl.-0z. Physikalische Ozeanographie S F B !
i ‘Mittelstaedt, Dr. E. Physikalische'Ozeanographie DHI Physik. Ozeanogr
i
' hysic.
. Neu, F. . Physikalische Ozeanqgraphie DHI 'p Y oceanagr
! Sttig, Frl. Chemie : . 1 0B
; Prahm, Frau Dr. G. Physikalische Ozeanographie DHI i Meereschemie
i i marine chemi <5
. Reuter, U., Dipl.-Met.’ Meteorologle IGM ! emistry
‘ i ;
a : Rubach, H.J. Physikalische Ozeanographie : DHI Biologie
! . . .
' Rudloff, R., Dipl.-Geoph. Physikalische quanographie S FB biology
. Sanches Biologie . .I H F
e . .
i Schaab, Frau B. Chemie I 0B
; Schmetz, J., cand.rer.nat. Meteorologie : IGM ) Meteorologie
R . . g meteorology
& Stelter, G., Ing.(grad.) Physikalische Ozeanographie DHI
. R .
g i Tadduy Biologie BAH
Trahms, Dr. K.J. Biologie IHF
: Einschiffun
Treutner . . Biologle . BAH . : g auf
) . : | embarkation
Vollmer Chemie : I0B ]
Waigel o Biologie _ B AH Ausschiffung auf
' | disembarkat
Westphal, J.,cand.rer.nat. Meteorologie ) MnI - i @ B_}on
wierhake, Frau H, ‘Biologile I108B
wockel, P., Ing;(grad.)_ Physikalische Ozeanographie : PHI
winschmann, W. Physikalische Ozeanographie . 'DHI
ziemkendorf, Frau Bilologile : . IHF

- 22 -
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1. Fahrtabschnitt :
1st Leg

Fahrtleiter :

chief scientist
Physik, Ozeanographie:
physic. oceanography

Meerasrhemie .

marine chemistry

Biologie :
biology

Meteorologie :

meteorology

Einschiffung auf See (von "Anton Dohrn") : Weichart

embarkation

disembarkation

T e

Personalplan

Hamburg - Hamburg (22. 3. - 15. 4, 1976)

Institut Anzahl
Institute Number
Mittelstaedt DHI 1
Backhaus, Becker, Kempe, DHI 6
Rubach, Stelter, '
Wiinschmann
Buch . IPO
Hammer, Kattner, Kidnig, IOR u
Wierhake '
Hagmeier, Tadday, Treutner BAH 3
Trahms, Krause, Heuer XHF ‘3
Hentzschel, Kiisters IAB 2
Joiris, Daro UB 2
Reuter IGM 1
Westphal MI
24

" Ausschiffung auf See (auf "Anton Dohrn®) : Joiris

- 23 -
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2, Fahrtabschnitt :

Hamburg - Aberdeen (22, 4. - 18. 5. 1976)

_.2nd Leg

Fahrtleiter

Institut

chief scientist

APhysik._Ozeanographie:

physic.'oceanography

‘Meeréschemie

marine chemistry'

Bioiogie'
biology

Meteorologie

‘meteorology

Aberdeen:

—a v ey amm s

: Koltermann DHI 1
Huber, Hempel, Hiibner, DHI 5
Carlson; Wockel DHI
Lenz SFB 1
Ho jerslev PO 1

i . Eberlein, Fichtner, IOB I
Vollmer, Schaab
: Kanje, Ottig, Treutner BAH 3
Trahms, Sanches, Ziemkendorf IHF 3
Hentzschel, Kiisters ‘ IAB 2
.Gamble MLA 1
Joiris (Einschiffung.auf See) UB 1
: Behmann IGM 1
Dittmer MI 1
24

Koltermann, Carlson, Lenz,
Treutner, Trahms, Eberlein, Fichtner,

Hiibner, Wockel, Behmann,

Dittmer,
Vollimer, Schaab, Gamble.
Eiﬂsghifgugg_/_egbgrgagigni

Becker, Neu, Stelter, Hudlolr, sthmelz,

Prahm,
Chilian, Weigel, Krause, Hammer, Hiihnerful,

Wierhake, Biermann, Daro.

Anzahl
Institute Number

i iy

3. Fahrtabschnit
3rd Leg -

Fahrtleiter

chief écientistﬂ

Physik. Ozeanogr:

‘phygic. oceanogrs:

Meereschemie -

marine chemistry

Biologie

biology

'Meteorolégie

meteorolqu
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3. Fahrtabschnitt

Fahrtleiter

chief scientist

Physik. Ozeanographie:

oceanography

e e L e s

Meereschemie

marine chemistry

Meteorologie

meteorology

e

Aberdeen - Hamburg (21. 5, - 16, 6, 1976)

Institut Anzahl
Institute Number

Prahm . ’ DHI 1
Becker, Huber, Hempel, DHIY 5
Neu, Stelter

Rudloff SFB 1
Hé jerslev IPO 1
Hammer, Hihnerfuf I0B 4

Wierhake, Biermann

Kanje, Ottig, Weigel BAH 3
Krause, Sanches, Ziemkendorf IHF 3
Hentzschel, Kiisters IAB 2
Joiris, Daro UB 2
Schmetz IGM 1
Chilian © M A

24

- 25 -
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- FLEX Information 4

Distributed by the Project Manager:

‘Harald Duchrow, Sonderforschungsbereich 94 (Meeresforschung)

an der Universitit Hamburg, Projektmanagement,

- D-2000 Hamburg 13, Bgndesstrasse/Sedanstrasse,(Baraéke Sw),

Telephone: - (040) 4123-4236

To:

- the JONSDAP 76 Co-ordinators
- the FLEX Chief Scientists 1
A(names'and addresses: see Annex 8)

1‘

Hamburg, 12 March, 1976

Ship schedules and Programmes

An up-dated list of participating research vessels (Annex 1)
shows radioAcall'signs, cruise s@hedules, chief scientists

as well as transmitter and receiver frequencies of each ship..
Please, note the modifications of the cruise schedules of -
R.V. FRIEDRICH HEINCKE, R.V. CHALLENGER, R.V. KNORR,

<‘R.V,<EXPLORER,-NIEUWPOORT and -R.V. SVANIC.

0O

GERMANY

METEOR: o
The position of R.V. METEOR, when doing stationary work,.
is supposed to be: SSOSS'N/oo°32'E. : - L

FRIEDRICH HEINCKE:

‘A proposal for the first cruise of R.V. FRIEDRICH HEINCKE -

_has .been submitted by Mr. G. Wegner (Annex 2).

It would be appreciated if those who have received this
document could cony the televant parts for their colleagues
who are interestad. A Yimited number of copies 1s also
yayailahle,in Hamburg. .

ST TR EL AT R o N A T




SWEDEN

As Dr. K. Gundersen (University of’Géteborg) writes in a
letter of 26 February, two of his students and two of
Dr. Dav1d Dyrssen's students will part1c1pate in a cruise
on the Fisheries Research Board's R.V. ARGOS from ,
March 22 - April 8. Dr. A. Svansson will be Chief Scientist
on this cruise. The ship will make two double crossings

from the'Norwegian coast (Egersund) to Scotland (Aberdeen)

as part of the JONSDAP 76/INOUT projeéect and will follow

a track along the 58°26'N latitude, thus touching oh the
southern boundary of the FLEX_square, There will be |
‘several stations (see below) consisting of extensive
samplings for plant nutrients and other chem1stry

Dr. Gundersen's students will be doing exper:mnntal work
on nitrification and denitrification and Dr. Dyrssen's .
people will study alkalinity, phosphorous, and lipids.
These data can be made available for the FLEX project.

ARGOS sampling stations on the southern boundéry of thé
FLEX box (Source: March updater of John Ramster):

AR 13 58°26' N 1°44'30" E
AR 14 g 1920 = E
AR 15 o 1°00" E
AR 22 " - 0%0° E
AR 23 .o 0°20" E
AR 24 " 0°0' - E

- UNITED.KINGDOM

Detailed cruise programmes for RRS CHALLENG FR and ,
RRS JOHN MURRAY have been submitted by Dr. R.H. Bruce
and Mr., R. Williams, Institute for Matrine EnV1ronmnntal

'Research Edinburgh (Annex 3).




UNITED STATES

A tentative cruise schedule for R.V. XNORR -Cruise 54
(May 5 - June 4) has been proposed by Dr. D.W. Spencer,

Woods Hole Oceanogfaphic Institution (Annex 4).

0il rigs

According'to informations of BP, Hamburg, there are at
present two drilling oil rigs inside the FLEX box:

I IT
- Operator o .Pan Ocean Trans Ocean
. | ‘ a (Sea Search)
‘Rig ' 0dindrill - Penrod 71
. o semi-sub © semi-sub
Classification = Brae Appraisal Wildcat
~ Water depth 104 m ‘ 132.6 m
Position - 58044'53" N - 58042'34"N

01°17'41" E - 00°31'38"E

‘Naval exercise

There will be a naval exercise.in the northern North Sea.

during the period 20-30 May. The critical periods in rela-

tion to the FLEX box are 20 - 22 May and, especially,
26 - 27 May. ' '

~Intercomparison

~An intercalibration schedule is proposed in Annex 5. During
‘the listed days, exchange of water samples and simultaneous

sampling could take place (cf. pages 7-8 and Annex 11 of
FLEX Info 3)." ‘ S
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Supplement to FLEX Plankton Studies Workshop Report

A supplement to the Report of the FLEX Plankton Studies
Workshop at Aberdeen has been circulated by Mr. J.A.Adams.

A list of the contents and of the addressees is given in

Annex 6.

Weather reports "OBS'" De Bilt

Mr. M.P. Visser, De Biit, writes in a letter of Februéry 26
that, as a result of new regulations'on'frequenties and
times for radio communications, the folloWing has to be
added to the schedule distributed earlier (Annex 15/5

of kLhX Info 3) about Schevenlngen Radlo.

~a. From February 1st 1976 it 1is p0551b1e for ships working

in A3 (telephony) to call PCH on emergency fre--
quency 2182 kc to get an appointment for another free’
channel. ' ' o

b. For ships working in A1 (telegfaphy) new regulations
~are developped, given in Annex 7.

Please inform sklppers and wireless- operators of these -

possibilities. .

FLEX Communication System-

A proposal on real-time and near-real-time data exchaﬁge
during FLEX is enclosed as a separate Supplement. It 1is

a compromise between earlier suggestions of G. Becker/ -
K. Huber and J.H. Steele/J.A. Adams and, as I hope, it is
acceptable now to all FLEX participants. A sufficient
number of '"Radio Message Information" forms will be sent

"to all FLEX Chief Scientists. Please, make your own copies’

of the FLEX-Box Grid for the productlon of daily synoptlc

maps of special parameters.




- .Annexes

1. List of FILX 76 Ships

2. ‘Proposal for Cru1se I of R.V. FRIEDRICH HEIVChE
(by G Wegner).

3. Cruise programmes for RRS CHALLFVGER and

RRS JOHN MURRAY (by R.H. Bruce & R. Wllllams)

4, Tentat1ve cruise schedu1° for R.V. Knorr Crulse 54
(by D.W. Spencer) : _ :

5. Intercallbratlon Schedule

6. Supplement to the Report of the FLEX Plankton
:Studies :‘Workshop at Aberdeen (edited by J.A. Adamc)
‘List of contents and addressees.

7. New regulatlona for Weather Reports "OBS" De Bilt
(by M. ‘Visser).

8. Addresses ‘0f FLEX 76 .Chief Scientists and Co-ordinators

| .Supplement

FLEX Informatlon System - (Proposal)

- with

Forms and Encoding Instructions for "Radlo Message
Information 'FLEX 76'"

AN




FLEX_76:

_List of Ships

[CALL[ CRUISE SCHEDULE CHIE TRANSMITIER RECETVER
(SIGN SHIp (PORT-TO-PORT DATES) SCLENTIST FREQUENCIES CFREQUESNTIES i
DBAW] VICTOR HENSEN | 22 March - t April IGacrtner
’ 31 May - 11 June
pBBI| METEOR : 22 March - 15 April [“ittelstadt 410, 425, 451, 468, 480,500, |All frequencies .
22 April - 18 Mav {Koltermann 512 ktlz. : tween 100 klz-3 iz}
21 May - 16 June Prahm All frequencies between
1665 kHz-30 Mz (synthesized).
VHF: channels 1-56
DBFR| GAUSS 3-12 and 15-25 March. . Grabert 410, 425, 454, 468, 480,500, |All frequencies bhe-
: 21 - 29 April iNauke 512 kHz. tween 100 kiHz-30 Miz
10 - 26 May Weidemann 1665, 1925, 2023, 2049, 2056, .
2146, 2153, 2182, 2326,23061,
2396, 2421, 2491, 2541,2569,
3023.5, 3161, 3197, 3363,
3394, 4069.2; 4001.6;
4101.2; 4104.4 Xliz.
! VHF: channels 1-56
DBFO [ ANTON DO!RN :5 April - 7 May Weidemann 410, 425, 448, 454, 468,480, lall frequencies be-
500, 512 kHz. tween 14 - 21 kHz: .
1609, 1621, 2023, 2053, 2056, ,between
2146, 2182, 2226, 2312, 2326,i85 kHz-30,3 Miz.
2421, 2431, 2569, 3161, 3197,
. 3282, 3363, 3394; 4185,
. {4206.5; 4231 klz
3 frequencies each in the
ranges of 6, 8, 12, 16,22 MHz
VHF: channels 1-28
DBFK; FRIEDRICH 12 - 29 April {Wegner
HEINCKE 13 - 25 May {Kullenberg
31 May - 11 June ‘N.N.
DRLZ | MAY WALDECK 30 May - 20 Juno {Sellachopp
DSCZ; PLANET 20 April - 8 May ‘Schirmer a1l frequencies” "all frequencies”
10 - 29 May iSellschopp -
. 31 May ~ 19 June :Schunk -
GMNH . JOHN MURRAY 2 - 13 April (Williams 12241, 2246, 2310 kHz 2241, 2246, 2310 kiti:
15 - 30 April :Bruce . . Multichannel VHF ra- .
dio (constant |
listening watch on
. channel 16)
_IGNAM | CIROLANA 21 April - 14 May ‘Ramster Choice of channels (Call frequencies:
i : available IMW 2182 kliz;
| VHF-channel 16)
+[GPIU! CHALLENGER i 16 - 24 March Bruce 2241, 2246, 2310 kiz 2241, 2246, 2310 kHz
. (Call frequencies:
MW: 2182 kllz;
VHF~channel : 16)
. [KCEJ: KNORR S May - 4 June :Spencer sce attached listing see attached listing
(7-11, 13-16, | '
20-24, 26-30 May !
in FLEX Box) i .
MLBG; EXPLORER 11 - 24 May jSteele E2056, 2431 kHz; 157.75 MHz 2056, 2431 kHz;
i 25 May = 7 June :Adams : 157.75 MHz
ORGQl MECHELEN i 20 March - 15 June :Picard iH-F 1.5 - 24 MHz, - H-F 1.5 - 24 MHz.
(20-27 March; 1(20.3.-16.4)! VHF channels §-28 VHF channels 8-28
30 March-6 April; iPichot .
9-16, 21-28 April; :(21.4.-18.5.)
, 1-8, 11-18, Picard
21-28 May; : (21.5.-15.6))
1-7, 10-15 June)
ORGW: NIEUWPOORT 1 - 29 May N.N. H-F 1.5 - 24 MHz. H-F 1.5 - 24 Miz.
(1-8, 11-18,- VIHF channels 8-28 VHF channels 8-28 -
: 21-30 May) .
PCWH. AURELIA i 4 April - 6 May .Gieskes 2049; 2056; 2182; 2201; l2056; 2182; 2201;
’ 14 - 24 June Fransz 2316; 2531; 2366; 2391, 2331; 2366;
2406; 4110.8 LHz. 4110.8; 2656 kHz
! VHF channels 1-28
SEPII ARGOS 22 March - 8 April Svansson 1474, 2037, 2049, 2056, I(Call frequencie
(at times) 2182, 2206, 2216, 2221, MW: 2182 kHz:
2489, -2877, 3185, 3266, ViiF-channel 16)
- 3289, 3296, 3308, 3352 kHz. :
, VHF channels .1-28 ]
SMJU{ SVANIC {8 - 12 June (?) Kullenberg ' VHF channcl 16
' listening




‘R.V. KNORR

RADIOTELLGRAPH CONTROL.UNIT (CW) FCC.FREQUENCIES ...
SYMBOLS C5, C8, L46. TRANSMITTING FREQS. IN KC:

410 ' 12555 - C
425 . : 12568.5
444 o 12642
‘448 ' 16740 - C
454 . - - 16758
468 ' 16856
480 : 22260 - C
. 500 - C ‘ 22275
2091 ' 22340
2092.5 - C
2105.25
4185 - C -
-4189.5
4214 o
6277.5 C = Calling Freq.
6284.25 .
6321
8370 - C
- 8379
8428

Radiotelephone Unit 2-9MC AM

-Send KC - Receive KC o
2182 : 2182 : Call & Distress
2638 ' 2638 - Ship-Ship
2738 2738 ' Ship-Ship
- 2670 . 2670 .- USCaG
i ’ 2252 ' - 2252 . ‘Navy
1 2792 o 2792 Navy
2406 » -~ 2506 . - Boston
2198 - - 2590 - NY
" 2142 : 2538 L Norfolk
2390 ' ~ 2566 : Charleston
2031.5 . 2490 Miami.
2134 ‘ I , 2580 - . Galveston .
2009 _ - 2506 _ St. Thomas IV
2366 - 2450 . Boston T
4104.4 4408.4 ) NY
4123.5 o 4428.6 - . - Miami
8223.6 - : 8773.6 NY

© 8261.9 8811.9 Ny

Radiotelephone SSB Fregs.

2096.5
4139.5

- 8281.2 . UPPER SIDEBAND "A3J o

12421 . .
16565 Oceanograph1c Frequ§anes

22094.5

-VHF Radiotelephone F3 Emission ,
FCC Designated Channels 1 thru 28 plus 7A 18A 19A -




G. Wegner _ : ' 125.2.1976
H. Weidemann : A
M. Gillbricht

FLEX '76

Fahrtprogramm des F.K. "Friedrich Heincke"
vom 12, 4, bis 29, 4, 1976

°

Der-F.K. "Friedrich Heinpke" nimmt mit einem ersten Fahrt-
abschnitt vom 12. 4. bis zum 29, 4, 1976 am Fladengrund-
Experiment teil. Wihrend dieses Zeitréums sollen inv
~enger Zusammenarbeit mit dem F.F.S. "Anton Dohrn" Infor-
mationen liber die zeitliche horizoﬁtale und vertikale
Verdanderung wvon Temperatuh,ASaivgehalt, Néhrstéffen und
Plankton gesammelt‘werden;' Dazu sind um das’ schon in der
"Flexbox" arbeitende, mit einer markierten Wassermasse
‘treibende F.F.S. "Anton Dohrn“ 7. Drlftbogen in Form eines
.4gle3chseltlgen Drelecks mit 9 sm Seltenlange auszulegen, .
Die daraus resultierende Anfangsvertellung der abzulaufenden

unterschledllchen Poqltlonen zeligt nachfolgende SKizze 1t

.Stafibnen pfo Umlauf:

. Sj A o E S 8 hj;drogr. Serien mitRBT
/. N\ : ~(r,s,Plankton, Nabrst )
X h X-BT

Strecke pro Umlauf: ca. 30 sm

- Zeit - pro Umlauf: ca. 7-8 h' |

w
wn

3
<

9sm

-4
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Es ist geplant, das sich mit Wind und Stfom veorindernde
"Droleck" insgesamt 20 bis 25 mal zu umlaufon,‘wobei-durch
_wicderholtcs Bojenversetzen die Ausgangsform ungefidhr
beibehalten werden soll, Stiindliche Bestimmungen derxr

Driftpositionen crfolgen'zusﬁtzlich von "Anton Dohrn" aus.

. Um dieses umfangreiche Programm ohne Unterbrechungen durch-
- fiihren zu kinnen (Ausnahme: Wassernehmen s.u.), werden
5 Wissgnsbhaftler benstigt (s.unten: Fahrtteilnehmer und

Raumverteilung).

.Als Arbeitsraume'werdén benutzt :

‘Mehrzweck-, Mikrobiologie-~ und Chemielabor,

.. Termine

. Beladen . - Montag, den 12, 4, 76, 09.00 Uhr Cuxhaven
-~ .puslaufen = Montag, den 12. 4. 76, 13,00 Uhr Cuxhaven
Ankunft Mittwoch, den 14, 4. 76, ca. 08,00 Uhr
;Arbeitsgebiet . ) o
_Ablaufen - --Dienstag, den 27. k. 76, ca. 14,00 Uhr’

Eiﬁlaufén Donnerétag, den 29. h.:76, 09.00 Uhr Cuxhaven
 Entladen Donnerstag, den 29. 4. 76, 10,00 Uhr Cuxhaven
Abhéngig von der WVettersituation und dem Arbeitsablauf ist

fir die Zeit um den 20, 4, eine etwa 30stiindige Unterbrechung

des Programms zum Wassernehmen in Peterhead geplant.

| Fahrtteilnehmer und Raumvefteilung

Mangelsdorf, P,, techn.Ang. DBAH, ChémievLabor hint.Wiss.Kammer

N.N. » Stud. Uni Kiel, Mehrzweck- u. vord.Wiss.Kamirer
>‘N.N. A - Stud, Uni Kiel Mikro.lL. vord.Wiss.qumer
N.N, | © pyr v Fahrtl.Kammer
. Wegnuer, G. . Wiss.Ang. DIT - w " Fahrtl.l_(arhmér'

Am Vormittag des 27. 4. 76 werden 2 Herren vom Institut
fiir Mcereskunde an der Universitit Kiel auf See vom
" W.F.S., "Planet" auf "Friedrich Heincke" Ubersteigen, um

mit nach Cuxhaven zu fahren,

. Y S S e o P« B
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“INSTITUTE FOR MARINE ENVIRONMENTAL RESEARCH ~ CRUISE PROGRAMME .

VESSEL

CRUISE PERIOD

PERSONMNEL

- ITINERARY

IMER/FLEX/1/76-

" RRS CHALLENGER (RVB Cruise 4B/76)

16-24 March 1976

IMER, Edinburgh:
R H Bruce, SSO (Senior Sc1entlst)
D B Hollis, HSO
AWG John HSC
105, Bidston:
R Palin, SO

The starting date and duration of cruise 4B/76 depends on
the finishing date (14-19 March) of the previous cruise

" 4A/76.

8~12 March lst van load of equipment to Aberdeen

Fri 12 March Message from RRS CHALLENGER to IMER (Edinbursh)

giving progress report on cruise 4A/76 and
ETA Aberdeen. B
Sun 14 Earliest date for completlon of 4A/76 and
: ~ docking in Aberdeen.

R H Bruce, D B Hollls, and equlpment on stdnd
in Edinburgh ready to travel by van to Aberdvcnﬁ

A W G John on standby in Plymouth ready to
travel by public transport to Aberdeen.

Mon 15 ' Earliest date for loadlng and testlno equlpment.

on ship. :
Further message from RRS CHALLENGER giving’
: - ETA Aberdeen.
Tues 16 (early Earliest date for salllng from Aberdeen to
am) start cruise 4B/76.
Fri 19 . Latest date for completion of 4A/76 and
docking in Aberdeen.

Sun 21 (early Latest date for sa111ng from Aberdeen to starc

~ am) 4B/76., ,
’ _Carry out survey programme detailed below
on passage to and from and within the FLEX

square, The location of the square is shown

"in Fig. 1 and the planned survey grid and

station positions are given in Fig. 2. (A

table giving precise coordinates of the grid
and stations, allowing for the presence of

oil-rigs, JONSDAP moorings and other hazards; )
is being prepared and will be appended later.)

Tues 23 (late Terminate survey operations in FLEX square.
pm) ' o
Ved 24 Dock Aberdeen’, :
Thurs 25 Unload equipment; store some equipment in
Aberdeen; remainder of IMER equipment and
staff return to Edinburgh by van.

The duration of cruise 4B/76 will be between 4 and 9 days,
depending on the completion date of 4AJ76. The following
programme will be pursued as long as time permits. (The
tlij have been estimated assuming early salllng on Day 1,
good




OBJECTIVES

good weather and no delays. The programme thcrefore
represents the maXLmum likely to be achieved, )

Day

Day

'Day

Day

"Day

'Day

"Day

. The

1 01.00 ~ Sail from Aberdeen
Start horizontal profiling equipment and
meteorological observations.
Proceed towards FLEX square along IN-OUT line
ILSW at maximum cruising speed (assumed 10. knots)
< - Start towing UOR when depth exceeds 50m..
17.00 Arrive Station 9 (Centre of FLEX square)
Two N.I.O water-bottle casts (9 depths)
18.00 LHPR oblique haul.
HSLE oblique haul.
19.00 Complete Station 9 :
Proceed towards Station 1 tow1ng UOR at 10 knoc,
23.00 Arrive Station 1 (S.W. corner of FLEX square)
. N.I.O water-bottle cast. . .
2 00,00 Start UOR grid (at 10 knots)
' © N.I.O water-bottle casts at Stations 2-8
3 23.00 Complete UOR grid and Station 8
- Proceed towards central statlon tow1ng UOR.
4 03.00. Arrive Station 9 I
Two N.I.0 water-bottle-.casts.,
LHPR oblique haul. :
- HSLE oblique haul.
05.00 Complete Station~9
: Proceed towards Station 1 Low1no UOR
09.00 Arrive Station 1
, Start 2nd pass of UOR grid and Statlons 1-~8.
6 09.00 Complete.2nd pass -
: Proceed towards central statlon.,'
15.00 Complete 3rd working of Station 9 A
19.00 Start 3rd pass of UOR grid and Statlons 1-8,
8 19.00 Complete 3rd pass :
Proceed towards central statlon.
9:'01.00 Complete 4th working of Station 9
Proceed towards Aberdeen tow1ng UOR at 10 kvora
along IN-OUT -line ILSW. ;
Recover UOR when depth decreases to 50m.

" Stop horizontal profiling equ1pment and ‘metvoro-

~ - ‘logical observations.
. 17.00 Dock Aberdeen -

cruise has two main objectives:

To describe the horlzontal varlablllty of the physical,
chemical and blologlcal processes over the FLEY square

(see Fig. 2) in the ”pre—bloom period.

‘To describe the vertical variability of the phy31ca1

chemical and biological processes at stations near thu‘

‘margln and at the centre of the FLEX square in the “pruo-

- 3./

bloom'" period.

There are two subsidiary objectives:

i
1
i




PROCEDURES
AND METHODS

daa ot

To make "hysicaf and chemical measurements and to
sample the plankton along the IN-OUT 11ne ILSW across
the Orkney-Shetland inflow.

To contribute to the collectlon of meteorologlcal data
as requested in Annex III of the report on the JONSDA®
76 Meeting at Aberdeen.

The first obJectlve will be met by maklng one or more
quasi-synoptic surveys of the FLEX square. Each survey
will consist of one pass over a 720km grid consisting

of seven 90km N-S legs, 15km. apart.(Fig. 2). Each

pass will take about 2 days at 10 knots, and the followxxv
measurements and samples w111 be taken'

1.1 Temperature and salinity at 2m depth u51ng IOS
(Bidston)'s surface sampling CTD system with a pumped
sea—water supply.

1.2 Temperature, salinity/depth profiles as the UOR
undulates between 5 and 60m depth w1th a wavelvnqrh
of 2.5km. .

1.3 '5km' semples of 'net' phytoplankton and zooplanRCon

integrated over the depth range of the UOR using
300pm mesh. . ’

The second obJectlve w111 be met by worklno statlons

-1-9, each station being visited at least once, at 3-4
~day intervals, between or during passes’over the grid,

The following measurements w111 be taken at every
station: : ’

"2.1 Temperature, and salinity from water samples taken

at 9 depths (3,
near bottom).

10, 20, 30, 40, 60, 80, 100m and

"The following samples will be taken at Statlons 1, 3,

EA_Z_Eﬂé_g

2.2, Water samples from the 9 depths in (2. 1) for nitrate,
nitrite, phosphate, silicate, chlorophyll 2, phyto-
planktoncellcounts .and mlcrozooplankton counts '
(all analysed ashore).

The following samples will be taken from the central

station only: -

2.3 Micro- and macrozooplankton from near-bottom to
surface by oblique hauls with the High Speed Loch
Ewve (HSLE) double net sampler (68 and 250um mesh)
to determine C/N values; length/weigth ratlos and
calorific values,

2.4 Zooplankton from near-bottom to surface by oblique
‘hauls with the Longhurst Hardy Plankton Recorder
(LHPR)/




EQUIPMENT REQUIRED

“a)l

- b)

16.2.76

c)

a)

" (LHPR) with 5m depth resolution.(280um mesh).

- The third objective will be met by taking'mea3urement<

as in 1.1 -~ 1.3 while on passage between Aberdeen and

. the FLEX square.

The fourth objective will be met by:

4,1 Taklng the follow1ng observatlons at hourly intcr—
vals whenever p0551b1e throcughout the cruise:

s “+
Position - _ ;Inm +
~Wind speed and direction - -lkm 1°
Air temperature -0 IQ
Humidity (or wet bulb temperature) ;17( -0. lC )
Sea surface temperature -0.1c°
Pressure "t =0.lmb
~ -Cloudiness T
. Sea State

4,2 Transmitting 6 hourly radio messages of the above
observations taken at 0, 6, 12 and 18.00 GMT v(n
Radio Schevenlngen to Meteo de Bilt.

Supplied by RVB

6 N10 water bottles and messengers

12 reversing thermometers, protected, range at least
o

0-15"C, with calibration certificates.

-1 XBT system (launcher, recorder, 3 doz. probes)

1 Deep freeze unit to maintain 20 C
1 Precision depth recorder (0-200m)
2 Dahn buoys with radar reflectors, cables and anehur

“weights for laying markers in up to 150m depth
.1 Helle, directional antenna (for 1ocat1ng Helle 27z
_ pingers) :

Meteorological Log Sheets and Radlo Message Encodtnq
Sheets — O T - sn e

.Supplied by IOS Bidston

1. Surface-sampling CTD system complete w1th pumped

fsea—water supply, real-time analogue display on chart

recorder, digital data logger and accessories

-

Supplied by DAFS, Aberdeen . SR .

1 High Speed Loch Ewe sampling system and accessories

Supplied by IMER, Edinburgh

2 Undulating Oceanographic Recorders with support gear

2 Longhurst Hardy Plankton Recorders with support gear

1 Continuous Plankton Recorder (fltted with MATR packaym) -
and support gear

‘Bench Salimometer and Standard Sea water

Salinity sample bottles

Nutrieat vials (glass and plastic)

Filtering equipwent ) vacuum pump, storage jars
piscllled water; Yormaldehyde
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ENVIRONMENTAL -RESEARCH - CRUTSFE, }’RdCR,\r.1[.1n

VESSEL

CRUISE PERIOD’

PERSONNEL

- ITINERARY

IMER/FLEX/2/76

RRS JOHN MURRAY (RVB Cruise No 4A/76)

- 2-13 April 1976

IMER, Edlnburgh

R. Wllllams, PSO (Senior Sc1entlst)

J.Aiken, SSO

W.G.Lonie, PTO IV

R.Marak (United States National Marlne Fisheries Serv1ce)
DAFS, Aberdeen

I. E Baird, SSO

E.W.Henderson, HSO

R.Payne, HSO

D.V;Conway, SO

A planned cruise track with station po itions are shown
in Fig. 2 (A table giving precise co-ordinates of the
grid and stations, allowing for the presence of oil rigs,
JONSDAP moorings and other hazards, is being prepared by
DAFS and will be appended later). S C

The estimated times given below assume an early sailing,
late docking, good weather and no delays. The itinerary
therefore represents the maximum likely to be achieved.

31 March IMER and NMFS staff and equlpment transported
to Aberdeen, load equipment aboard.

1 April Load DAFS equipment aboard. Personnel sign
"on. Prepare and test equipment. '
2 April Sail from Aberdeen ‘

(early am) Start horizontal profiling equlpment and meteo~
Yological observations.
Proceed towards the SW corner of the FLEX square
along the IN*OUT 11ne ILSW at maximum cru131n°
speed. T
Start UOR and CPR tows when depth greater than 50m.
pm - Arrive Station 1 . A
Lay moorings for sediment traps.
- Two N10 water-bottle casts (14 depths),

3 April. Start UOR and CPR grid (10 kts.)

' (early am) Two N10 water-bottle casts at each of Statlons 2 8.
& April Complete UOR and CPR grid and Station 8. ‘ )
(late pm) ' :
5 April Proceed towards central Statlon 9 (centre of the

FLEX square) towing UOR and CPR.

Arrive Station 9

Lay moorings for sediment traps. .

Two N10 water-bottle casts, HSLE oblique net haul.
06.00 LHPR oblique haul.

Large volume water samples. .

Proceed towards Station 1 towing UOR and CPR.
12.00 “Arrive Station 1 .

Uplift and relay sediment traps.

Two N1O water-bottle casts.

15.00/

A Gprrn s oo ran
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EQUIPMENT REQUI RED
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~15.00 ir}Start HSLE -pxid Cat 5 kesn) - o o s e

Two water-bottle casts at each of Stations 2-8
9 April Complete HSLE grid and Station 8 A -
(early am) Proceed towards central Station 9

09.00 Arrive Station 9 and work as before
12.00 . LHPR oblique haul

Proceed towards Station 1
18.00 Arrive Station 1 '

Uplift and relay sediment traps
Two N10 water-bottle casts

21.00 Start UOR and CPR grid :
Two water-bottle casts at each of Stations 2-8

11 April Complete UOR and CPR grid and Station 8

(late pm) Proceed towards central Statlon 9 towing UOR and
CPR :

12 April Arrive Statlon 9 _
Work Station as before and uplift and relay
Iﬁdlment traps :

06.00 C Production experiment in situ
12,00 - LHPR oblique haul
Proceed towards Stan.on 1 towing UOR and CPR

17.00 Arrive Station 1
- ‘Uplift sediment traps
. Two N10 water-bottle casts

20.00 Proceed towards Aberdeen along IN-OUT leg

' "ILSW towing UOR and CPR :
Complete all operations, UOR and CPR, proflllno
equipment and meteorological observations when

: depth of water is less than 50m :

13 April Dock Aberdeen

.14 April - Unload equipment. Discuss operations with

personnel for next cruise,
IMER and NMFS Staff return to Edlnburgh

a) Supplied by RVB - S

XBT system complete - with 3 doz. probes

Precision depth recorder (0-200m)

Hull mounted thermistor

8 N10 water bottles together w1th 16 protected
thermometers (range at least 5-15 C), calibration
certificates and 9 messengers :

1 large deep freezer (-20 C)

1 domestic type refrigerator

2 Dhan buoys with radar reflectoxs, cables and
anchor weights for laying markers in up to 150m depth
Helle directional antenna (for locating Helle 27kHz
pinger) : ‘

b)  Supplied by DAFS, Aberdeen

Turner Fluorimeter

Autoanalyser

Thermosalinograph :
Sediment traps together w1th two complete moorings

High Speed Loch Fwe sampling system

.Large volume water bottles

I4¢ jncubation equipment

FJ]tpr1ng equxpment vacuum puwps, storage jars,
large containers of distilled water, ete,




OBJECTIVES

PROCEDURES
. AND HMETHODS

IHONMENTAL RESEARCH

¢) ~Supplied by IMER, Edinburgh

Continuous Plankton Recorder with support gear
Undulating Oceanographic Recorder with support gear
and NMFS-UOR ' :

Longhurst Hardy Plankton Recorder (2 systems) with
support gear

Nutrient vials (glass and plastic), large containers
of Formaldehyde - o

The cruise has three main objectives:

1) To describe the horizontal Qariability of the physical,
chemical and biological processes over the FLEX square
(see Fig. 2) throughout the cruise period.

2) To describe the vertical variability of the physical,
chemical and biological processes at stations near the
margin and at the centre of the FLEX square throughout
the cruise period. : '

3) To measure the rates of selected processes in the FLEX
'square during the period of the cruise. :

There are four subsidiary objectives:

4) 'To make physical and chemical ﬁeasurements and to
sample the plankton along.the IN-OUT line ILSW across
-the Orkney and Shetland inflow:

5) To take comparative tows of the UOR and HSLE net and
of the LHPR and Weikert's (University of Hamburg)
opening and closing net.

6) To contribute to the collection of meteorological data.
as requested in Annex III of the report on the JONSDAP
76 meeting at Aherdeen. :

7) To provide ground truth data for the correct interpreta-—-
tion and calibration of the radiation data acquired
during the aerial survey programme.

1. The first objective will be met by making quasi-synoptic

surveys of the FLEX square at 3-4 day intervals.  Each

- survey will consist of one pass over a 720km grid ‘
consisting of seven 90km N-S legs, 15km apart (Fig.2),
Alternate passes will be made using the Undulating
Oceanographic Recorder (UOR) and the Continuous Plankton
Recorder (CPR), taking approximately 2 days at 10 knots,
and the High Speed Loch Ewe (HSLE) sampler, approximately
. taking 4 days at 5 knots. o

During each UOR-CPR pass over the grid the following
measurements will be made:

——

- 1.1 Temperature, salinity,vin vivo Chlorophyll a
and nitrate at 3m depth using the ship's non-
toxic pumped sea-water supply (DATS) .

1.2/
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i

- measurements will be made:

station:

s-station:
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1,2 Samples for Cﬁlorophyll\g_and phaeophytin (for ..
calibration, 2 per hour), particulate organic
carbon and nitrogen (4 per day), phytoplankton
cell counts (Gillbricht, 10 per day), all from
the pumped sea-water supply (DAFS). o -

1.3 Temperature at 10m by instruments carried in the
.CPR (IMER). :

1.4 Temperature, salinity/depth profiles as the UOR
undulates between 5 and 80m depth with a wave-
length of 2.5km (IMER).

1.5 '16km' samples of 'net' phytoplankton and zoo-
plankton taken by the CPR at 10m depth, using
-300pum mesh (IMER).

1.6 'Skm' samples of 'net' phytoplankton and zoo- "
plankton integrated over the undulation depth range
(5-80m) of the UOR, using 300pum mesh (IMER).

- 1.7 Meteorological observations as requested in Annex

III of the report on the JONSDAP 76 meeting at
Aberdeen (IMER). - ’ _

During each HSLE pass over the grid the following

———+

1.8 Temperature, salinity, Chlorophyll a and nitrate -
as in 1.1 (DAFS). .o

1.9 Samples as in 1.2 (DAFS).

1.10 Micro- and macrozooplankton samples taken by
oblique hauls from near-bottom to surface at
Skm intervals with the HSLE double net sampler
(68ym and 250um mesh) (DAFS).

The second objective will be met by working stations
1-9, each station being visited at 3-4 day intervals
between or during passes over the grid.

The: following measurements will be taken at every

2,1 Temperature, salinity, Chlorophyll a and nitrate

(analysed on board); ‘nitrate, nitrite, phosphate,
silicate, phytoplankton cell counts and micro-
zooplankton counts (analysed ashore), all from
water samples taken at 0, 3, 10, 20, 30, 50, 60,.
70, 80, 90, 100, 125m and near-bottom (IMER and
DAFS).

The following samples will be taken only at thengentral

Logl 0 ot

2.2 Zooplankton from near-bottom to surface by oblique
hauls with the Longhurst Hardy Plankton Kecorder
- (LMPR) with S5m depth resolutions (mesh 280pm) (IMER).
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2.3 Micro~ and macrozooplankton from ncar~bottom to

surface by oblique hauls with the HSLE to determine
C/N values, length/weight ratios and calorific
values (IMLR) :

2.4 Large volume water samples from selected depths
for the dectermination of particulate organic
carbon and nitrogen (DAFS).

The following samples w111 be ‘taken on one occasion
at Station'1:

2.5 Large volume water samples, as.in 2.4, from three-
-depths (DAFS).

The third objective will be met by taklng the follow1ng
measurements:

3.1 Primary productivity 1“0 u51ng 51mu1ated in situ
incubation with 6 light 1evels, once per day Vlth
samples from a marginal station occupied nearest
between 06.00. and 12 00 G.M.T, (DAFS)

3.2 As 3.1 on one occasion, durln0 the cruise, with
samples from the central statlon (DAFS).

3.3 Primary product1v1ty e using a 6 hour
incubation in 51tu at the central statlon (DATS)

3.4 Sedimentation rates from five depths at the centre'
.and S.W. corner (Station 1) of the FLEX square
every 3 4 days (DAFS).

The fourth objective will be met by taking measurements
as in 1.1-1.7 vhile on passage between Aberdeen and the
FLEX square. :

The fifth obJectlve w111 be met by taking co comparative
hauls along the FLEX square diagonal and when J MURRAY
and the MECHELEN are on the central station together.

The sixth objective will be met by:

© 6. 1 Taklng the following observatlons at hourly intervals

whenever possible throughout the cruise

Position - " 4+ 1nm’
Wind speed and direction: ~ * 1lkm, i.IO
wAlr temperature » A 1;0.1°C

Humidity (or wet bulb

: o
A G .
temperature) FAZ (O 1,C)

. ' : o
- Sea- surface temperature “+ 0.1°C

Pressurce - o :_O.I mb

Cloudiness
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6.2 Transmitting 6 hourly radio messages of the . .
- above ohservations taken at 0, 6, 12 and 18.00 G.M.T.
“via Radio Scheveningen to Meteco de Bilt.

7. The seventh objective will be met by:

’_7.1 Taking, wherever possible, the following samples.
or measurements during the overflight or, if no
overflight occurs, at the day of aircraft operation,
" around noon. o

Physical: Surface temperature (O.loC)
Depth of wvisibility by Secchi disc

Biological: Plankton concentration
. Particle concentration
Particle dry weight
"Chlorophyll '

.‘Weather: As for objective 6

7.2 File reports on the above measurements to -
‘ Institut fur Hydrobiologie und Fischereiwissenschaft
Universitat Hamburg, Palmaille 55, D-2000 Hamburg 50.

Date: - 3 March 1976
~ Prepared by: R Williams and R H Bruce
; . Approved by: R S Glover
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INSTITUTE FOR MARINE ENVIRONMENTAL RESEARCH - CRUTSE DPROGEAMAE
' IMER/FLEX/3/76

VESSEL ~ RRS JONN MURRAY (RVB Cruise No. 4B/76)

CRUISE PROGRAMME 15-30 April, 1976

PERSONNEL _  IMER, Edinburgh

R H Bruce, SSO (Senior Sc1ent15t)
G W Evans, HSO
D B Hollis, HSO

G Wood

DAFS, Aberdeen
J M Davies, SSO
D M Finlayson, SSO
I M Davies, SO

S J Hay,

S0

ITINERARY o A planned cruise track with station positions are shown

in Fig. 2.

The estimated times given below assume an early sailing,
late docking, good weather and no delays. The itinerary
therefore represents the maximum likely to be achieved.

14 April
(early am)
pm

15 April
(early am)

pm

18.00

.16 April
01.00

04.00

.19 April
pm
18.00

- ' 22.00

20 April/

IMER and NMT'S persovnel and equipment depart
Edinburgh for Aberdeen
DAFS, IMER and MNiFS personnel sign on and discuss

'operations with scientists from previous cruise.

Load DAFS and IMER equipment.
Test and prepare equipment.
Sail from Aberdeen

Start horizontal proflllng equipment and meteoro—
logical observations. :
Proceed towards centre of FLEX square along IN-OUT
line ILSW at maximum cruising speed (assumed

10 knots). ' -
Start UOR and CPR tows when depth greater than 50m.
Arrive Station 9 (centre of FLEX square)

-Two N10 water-bottle casts.

LHPR oblique haul.
HSLE oblique haul.

. Large volume water. samples.

Lay moorings for sediment traps.

Arrive Station 1 (S.W. corner of FLEX square)
Two N1O water-bottle casts. .
Large volume water samples.

Lay mooring for sediment traps.

‘Start HSLE grid (at 5 knots)

Two N10 water-bottle casts at each of Stations 2-8.
Complete HSLE grid and Station 8

Proceed towards central statlon, tow1ng UOR and

CPR at 10 knots. '
Arrive Station 9 and work as before

LHPR oblique haul.
Uplift and re-lay sediment traps.

Complete Station 9

Rec1proca1 tows of ESLE and UOR along diagonal for
inter~comparison,

g




EQUIPMENT REQUIRED

-

. Annex. 3/12
20 April ~Arrive Station-1 .
06.00 Two N1O water-bottle casts.
_ Uplift and re-lay sediment traps,
.09.00 - Start UOR/CPR grid (at 10 knots)
Two N10 water-bottle casts at Stations 2- 8.
22 April  Complete UOR/CPR grid and Station & :
early am Proceed towards central station still eow1ng
‘ UOR and CPR.
12.00 Arrive Station 9 and work as before.
LHPR oblique haul.
Uplift and re-lay sediment traps.
16.00 Complete Station 9 :
Reciprocal tows of HSLE and UOR along dwagonal.
23 April Arrive Station 1
00.00 Two N10 water—bottles casts .
.Uplift and re-lay sediment traps,
03.00 Start HSLE grid :
: Two N10 water—bottle casts at each of Stations 2- 8
26 April Complete HSLE grid and Station- 8
Proceed towards central station towing UOR and CPR
©'18.00 Arrive Station~9 and work as before,
LHPR oblique haul'.
- Uplift and re-lay sediment traps.
.22.00 Complete Statiom- 9 '
. Proceed towards S.W. corner towing UOR and CPR
- 27 April - Arrive Station 1 '
: 02.00 Tow N1O water—bottle casts.
A Uplift and re—lay sedlment traps.
05.00 Start UOR/CPR grid
: Two N1O water-bottle casts at each of Stations 2-§
29 April Complete UOR/CPR grid and Station 8
early am Proceed towards central station towing UOR and CPR.
07.00 Arrive Station 9 and work as before
" Uplift sediment traps
- LHPR/Weikert's multiple net sampler comparatlve hau?
11.00 LHPR oblique haul.
12.00 Complete Station 9 — —_——
Proceed towards S.W. corner towing UOR and CPR.
16.00 Arrive Station 1
- Two N10 water-bottle casts .,
Uplift sediment traps .
-19.00 Complete Station 1 :
' *  ‘Proceed towards Newcastle towing UOR and CPR wh11e
. depth greater than 50m. .
Stop continuous profiling equipment and meteoro-
" logical observations.
30 April  Arrive Newcastle
19.00 .
1 May am Unload equipment, '
pm  IMER and NMFS personnel and equ1pment return to

a) Supplied by RVB

. . te

INSTITUTE FOR MARINE ENVIRONMENTAL IESEARCH

Edinburgh by train or laboratory van .
DAF¥S personnel and equipment return to Aberdeen. -

XBT system complete - w1th 3 doz. probes
Precision depth recorder (0--200m)

Hull
8/

mounted thermistor
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8 N10 water~bottles together with 16 protected
thermometers (range at least SvlSOC), calibration
certificates and 9 messengers

1 large deep freezer (%20 C)

1 domestic type refrigerator

2 Dhan buoys with radar reflectors, cables and

anchor weights for laying markers in up to 150m depth.
Helle directional antenna (for locating Helle  27kHz

pinger)

b) - Supplied by DAFS,. Aberdeen

Turner Fluorimeter.
Autoanalyser .
Thermosalinograph.
Sediment traps together with two complete moorings,
“High Speed Loch Ewe sampling system.
Large volume water bottles
14¢ incubation equipment . ‘ :
Filtering equipment, vacuum pumps, storage jars,
-large containers of distilled water, etc.

c). Supplied by IMER, Edinburgh

Continuous Plankton Recorder with support gear.

- Undulating Oceanographlc Recorder with support gear
and NMFS-UOR . '
Longhurst Hardy Plankton Recorder (2 systens)w1th
support gear,

Nutrient vials (glass and plastic), large containers
of Formaldehyde, : :

The cruise has three main objectives:
1) To describe the horizontal variability of the physical,

chemical and biological processes over the FLEX square
(see Fig. 2) throughout the cruise period

_2) To-describe the vertical variability of the physical,

chemical and biological processes at stations near the
margin and at the centre of the FLEX square throughout
the cruise period.

- 3) To measure the rates of selected processes in the FLEX

square during the period of the cruise,
There are four subsidiary objectives:

4) To make physical and chemical measurements and to
sample the plankton along the IN-OUT line ILSW across
the Orkney and Shetland inflow.

5) To take comparative tows of the UOR and HSLE net and

of the LHPR and Weikert's (University of Hamburg)
opening and closing net.

6)/




" PROCEDURES

AND METHODS

6)

7)
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To contribute to the collection of meteorological data ~
as requested in Annex III of the-report on the JONSDAP
76 meeting at Aberdeen,

To provide ground truth data for the correct 1nterpreta~
tion and calibration of the radiation data acquired
during the aerial survey programme.

The first objective will be met by making quasi-

synoptic surveys of the FLEX square at 3-4 day

intervals. Each survey will consist of one pass over

a 720km grid consisting of seven 90km N-S legs, 15km
apart. Fig. 2. Alternate passes will be made using’
the Undulating Oceanographic Recorder (UOR) and the
Continuous Plankton Recorder (CPR), taking approximately -
2 days at 10 knots, and the High Speed Loch Ewe (HSLE)
sampler, approximately taking 4 days at 5 knots.

Durlng each UOR-CPR. pass over the grld the following
measurements will be made: . _ o

1.1 Temperature, sallnlty, in -vivo Chlorophyll a
and nitrate at 3m depth using the ship's non-
toxic pumped sea-water supply (DAFS).

1.2 Samples for Chlorophyll a and phaeophytin (for

calibratiom, 2 per hour), particulate organic
carbon and nitrogen (4 per day), phytoplankton
cell counts (Gillbricht, 10 per day), all from
the pumped sea—water suppl' (DAT S)

1.3 Temperature at 10n by 1nstruments carried in the

CPR (IMER).

1.4 Temperature, salinity/depth profiles as the UOR

‘undulates between 5 and 80m depth with a wave-
length of 2.5km (IMER).

1.5 '16km' samples of 'met' phytoplankton and zoo-—
plankton taken by the CPR at 10m depth uSLng
300um mesh (LMLR)

1.6 'Skm' samples of 'net' phytoplankton and -zoo-
plankton integrated over the undulation depth range
(5-80m) of the UOR, using 300pm mesh (IMER).

1.7 Meteorological observations as requested in Annex III
of the report-on the JONSDAP 76 meeting at Aberdeen
(IMER).

During each HSLE pass over the grid the following
measurements will be made;

1.8 Temperature salinity, Chlorophyll a and nitrate
as in 1.1 (DAFS).

1.9/
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1.9 Samples as in 1.2 (DAFS).

1.10 Micro~ and macrozooplankton samples taken by
oblique hauls from near~bottom to surface at
S5km intervals with the HSLE double net sampler
(68ym and 250pm mesh) (DAFS), .

The second objective will be met by working stations
1-9, each station being visited at 3-4 day intervals
between or during passes over the grid. :

The following measurements will be taken at every
station:

2.1 Temperature, salinity, Chlorophyll a and nitrate
- . (analysed on board); nitrate, nitrite, phosophate, -
silicate, phytoplankton cell counts and microzoo-
plankton counts (analysed ashore), all from water
samples taken at 0, 3, 10, 20, 30, 40, 50, 60, 70, 80,
90, 100, 125m and near-bottom (IMER and DAFS) . A ‘

The following samples will be taken only at the central
station: ' T :

2.2 Zooplankton from near-—bottom to surface by oblique
hauls with the Longhurst Hardy Plankton Recorder

(LHPR) with 5m depth resolutions (mesh 280pm) (IMER) .

2.3 Micro- and macrozooplankton from near-bottom to

‘ surface by oblique hauls with the HSLE to determine
C/N values, length/weight ratios and calorific
values (IMER). . :

2.4 large volume water samples from selected depthé for
the .determination of particulate organic carbon and
nigrogen (DAFS), - R -

Thevfollowing samples will be taken on one occasion

when the nitrogen productivity is done (3.3).

2.5 Large volume water samples; as in 2.4, from three
. depths (DAFS). : .

The third objective will be met by taking the following

. measurements:

3.1 Primary productivity 1%C, using simulated in situ
incubation with 6 light levels, once per day with
samples from a marginal station occupied nearest
between 06.00 and 12.00 G.M.T. (DAFS) .

3.2 As 3.1 on one occasion, during the cruise, with

samples from the central station (DAFS).
‘3.3 Mitrogen.production, using simulated~in situ
incubator with 3 light levels, on one occasion

from one of the nine stations on the grid (DAFS).

3.4/

o




‘ 3.4

- 3.5

Ni;rogén uptake kiﬁetics 1 per grid from a
‘selected depth at the central station (@Ars). .

Sedimentation rates from five depths at the

-centre and S.W. corner (Station 1) of the FLEX =

Square every 3-4 days (DAFS).

The fourth objective will be met by taking measurements-

as in 1.1-1.7 while on passage between Aberdeen and the

FLEX square.

-The fifth objective will be met by taking comparative
hauls along the FLEX square diagonal and when J MURRAY

and the MECHELEN are on the central station together.

6. The sixth objectivé_ﬁill be met by:

6.1

6,2

Taking the following observations at hourly
intervals whenever possible throughout the crulse.

Position + lnm
W}nd.sPeed.and 4 1km, + P
direction —_ -
Air temperature ' j_O.loC

 Humidity (or wet

o
bulb temperature) i-lz ¢+.0.17°¢)

Sea surface temperature i_O.IOC
PresSurg ' ';_.i;OQimB-
Cloudiness 
'Sea sfate

Transmitting 6 hourly radio messages of the above

- observations taken at 0,.6, 12 and 18.00 G.M.T.

via Radio Scheveningen to Mcteo Jde Bilt.

7. 'The seventh objective will be met by:

7.1

Laces -3 March 1976
-Prepared by: R H Bruce and R Williams
" Approved by: R S Glover

7,2

Taking, wherever possible, the following sample .
or measurements during the overflight or, if no
overflight occurs at the day of aircraft operation
around noon. '

Physical: Surface temperature (0.1°C) . A
Depth of visibility by Secchi ‘disc.
Plankton concentration
Particle concentration
“Particle dry weight
Chlorophyll

Biological:

Weather: as for objective 6.

File reports on the ahave measurements to
L ) ' ' © . Institut fur Hydroblivlogic upd fisc?ﬁﬁiﬁfﬁiﬁiﬁiﬁﬁiﬁEL_J
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-
TENTATIVE CRUISE SCHEDULE R/V KNORR CRUISE 54

| MAY 5 - JUNE 4, 1976
OSTEND, BELGIUM TO REYKJAVIK, ICELAND

May 5 ) ' Depart Ostend (possibly Portsmouth drlsouthampton)
May 5 - May 7 ~ Transect to FLEX Box; Coring |
—~May 7 - May 11 | FLEX Box I; CTD Sect1ons, Large Volume Uater Samp11ng,
. . ‘ Hydrostations; Corlng, Plankton Tows
May 11 - May 13 Section East; CTD, Hydrostat1ons, Coring, Plankton
_ Tows, Large Volume Water Sampling
May 13 - May 16 FLEX Box II; work as FLEX Box I |
May 17 - May 20 ~ Section North; work as Section East
May 20 - May 24 FLEX Box III; work as FLEX Box I
 May 24 - May 26 . Section Northeast; work as Section East-
May 26 - May 30 FLEX Box IV; work as FLEX Box I
May 30 - June 4 Transect to Ice]and CTD's Hydrostations, Large Vo]ume
‘ : : - Sampling, Coring in Faroces-Scotland
. Overflow and North Atlantic
. dune .4 ' - Arrive Reykjavik

HYDRO_STATION WORK

1)
2)
3)
4)
5)
6)
7)
8)
9)
“10)
1)

-Large Volume Casts (Bowen) . Sr

Hydrocast CTD Rosette 10 bott]es)'Nutrients,”oxygen, partféﬁ]ate
Hydrocast Wire 5'bott1es) matter, triﬁium—ﬁe3
Box Core (Johnson)

Core (Bowen)

Plankton Tows (Bowen)

Plankton Tows (Spencer)

90 137

» Cs'7", Transuranics
Large Volume Casts (Spencer) PbZ]O, po210 |
Radium - 228, 226 Casts

Insitu Filtration

Plankton Tows, etc. (German Scientists)

et meama s teesseca N mamrtemm s v e e e et .oy —pr— . ¢+

Rl it T g 3
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Annex 5

Intercalibration Schedule

It is proposed that FLEX ships come together, for the
purpose of intercalibration, in the vicinity of

R.V. METEOR (or R.V. ANTON DOHRN, on 25 April) -

at 12.00 GMT on the following days: ' '

31 March - MECHELEN
METEOR .
VICTOR HENSEN
ARGOS

12 April .  MECHELEN
METEOR
ANTON DOHRN
JOHN MURRAY

25 April MECHELEN
METEOR
ANTON DOHRN
GAUSS - -
FRIEDRICH HEINCKE
PLANET
JOHN MURRAY

.4 May MECHELEN ,
NIEUWPOORT .
METEOR '
ANTON DOIRN
PLANET
CIROLANA
AURELIA

16 May . MECHELEN
NIEUWPOORT
METEOR
GAUSS
FRIEDRICH HEINCKE .
PLANET

' EXPLORER

KNORR

3 June " MECHELEN
METEOR
FRIEDRICII HEINCKE
PLANET o
MAX WALDECK
VICTOR HENSEN
EXPLORER
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BELGIUM

National Contact,
MECHELEN II Chief Scientist

MECHELEN 1 + IIf Chief Scientist
INOUT and Belgian Data Centre
Convenor of JONSMOD Group

CANADA

National Contact-

- DENMARK

National Contact, '
FRIEDRICH HEINCKE IT and SVANIC

1CES Secretariat

. FRANCE

NationalVContact

Pichot, G.

Picard, H.

Adam, Y.

Nihogl, J.C.J., Prof.

Boyd, C.M., Dr.

Kullenberg, G., Dr.

Smed, J.

Bourgoin, M.

FLEX 76: Addresses of Chicf Scientists and Co-ordinators

Université de Liége
Institut de Mathématique
15 av. des Tilleuls
BR-4000 Li€ge

Telephone: 520 180

Department of Occanography-
Dalhousie University
Halifax, Nova Scotia B3l 3JS

Institute for Physical
Oceanography,
Haraldsgade 6

DK-2200 Copenhagen N

Telephone: TA 3992
Cable: Physoceano Copenhagen

Conseil International. pour
1'Exploration de la Mer,

" Charlottenlund Slot

DK-2920 Charlottenlund.

Telephone: Helrup 3686
Telegr.: MEREXPLORATION,
COPENHAGUE

Service Hlydrographique et
Ocianograpiiijue de la darine,
3, Avenue Octave Gréard

. GERMANY (FRG)

National Contact, -
ANTON DOHRN and GAUSS 111
Chief Scientist

METEOR Chief Scientists
FRIEDRICH HEINCKE I Chief Scientist

GAUSS I Chief Scientist
© GAUSS II Chief Scientist

PLANET I Chief Scientist

"PLANET II and MAX WALDECK
Chief Scientist

PLANET III Chief Scientist
Co-ordinator of FWG Group

VICTOR HENSEN" Chief Scientist

+ Weidemann,H. ,Prof.Dr.

Mittelstaedt,E.,Dr.
Koltermann, K.P.
Prahm,Gertrud, Dr.

Wegner, G.

Grabert,Brunhilde,Dr.

Nauke, M., Dr.

Schirmer, F., Dr.

“"Sellschopp, J.
Schunk, E., Dr.
Wille, P., Dr.

Gaertner, A., Dr.

“Telex:

F-75 200 Paris Naval
Telephone: 260 33 30

. Deutsches Hydrogiaphisches

Institut .
Bernhard-Nocht-Strasse 78
D-2000 Hamburg 4

Telephone: 31 11 21
Telex: 02-11138

Deutsches Hydrographisches
Institut

Hindenburgstrafle 43

D-2000 Hamburg 39

Teiephone: 5110021

Universitdt Hamburg

Institut fir Geophysik
Bundesstrasse 55, Geomatikum
D-2000 Hamburg 13

Telephone: 4123-2976
Telex: 214732 UNIHHD

Forschungsanétdlt'der Bundeswelr
fir Wasserschall-und Geophysik
Klausdorfer Weg 2-24

‘(Marinearsenal)

p-2300 Kiel 1.

Telephone: 75 611
0299855 bw d

Institut fiir Meeresforschung
Am Handelshafen 12
D-2850 Bremerhaven

Telephone: 20 641




Co- ordlnntors of Aerial Survey

Programme

"Velocity Variability Array"
Co-ordinator

Co-ordinator of Cologne Group

“Co-ordinator of-Jiilich Group

German Oceanographic Data Centre

FLEX Data Centre

FLEX Project Manager

‘NETHERLANDS

National Contact

Nederlands Centrum voor
Oceanograf. Gegevens

National Contact and AURELIA T

Chxef Scientist
AURELIA 1I Chief Scientist

NORWAY

National Contact

oy s 7 /T s

Doerffer, R.

Amann, V.,

Schott, F., Dr.

Raschke, E.,Prof.Dr.

Fdrstel, H., Dr.

Kohnke,’D.

Schrieve;;mb.

Duchrow, H.

Visser, M., Dr.

Schoep, G.K.

Gieskes, W.W.C.,Dr.

Fransz, H.G., Dr.

Mork, M., Prof.

Universitiit Hamburg >
Institut ftir Hydrohloloale

“and Plscherclw1550nschaft

Palmaille 55 -
D-2000 ilamburg 50 -

Telephone: 39107-2607 ' 3

Deutsche Forschungs- und
Versuchsanstalt filr Luft- V0
und Raumfahrt (DFVLR)

Flugplatz

D-8031 Oberpfaffenhofen

Telephone: 28843

Institut fiir Meereskunde
an der Universitiit Kiel
Disternbrooker Weg 20

Telephone: 59 73 433

Universitit Koln,

Institut fiir Geophysik und
Meteorologie

Kerpener Strafle 13

‘D-5000 Kdln 41

Telephone: 470/3681

Kernforschungsanlage
Jiilich Gmbl

Institut fir Chemie 2
Postfach 1913

D-5170 Jiilich 1

Telephone: 613241

Deutsches Ozeanographisches

~ Datenzentrum

c/o Deutsches Hydroqranhlsches
Institut

Bernhard-Nocht-Str. 78

D-2000 .Hambure 4

" Telephone: 31 11 21

- Max-Planck-Institut

fiir Meteorolnnia

. Bundesstrafle 55, Geomatikum
D-2000 Hamburg 13 :

Telephone: 41 29 51
Telex: 214732 UNIHHD

Sonderforschungsbereich 94

_an der Universitit Hamburg

~ Projektmanagement =~

"Bundesstrasse/Sedanstrasse

(Baracke SW)
D-2000 Hamburg 13

‘Telephone: 4123-4236

Telex: 214732 UNIHHD

Koninklijk Nederlands

. Meteorologisch Instituut
.-Utrechtseweg 297

De Bilt
Telephone: 76 69 11
Telex: 47096

Nederlands Instituut voor
Onderzoek der Zee

. Postbox 59

Den Burg¢-Texel

.Telephone: 541

Bergens Universitet
Geofysisk Institut

Bergen




SWEDEN

National Contact,

Convenor of JONSDAP 76 Working Group

and ARGOS Chief Scientist

UNITED KINGDOM

National Contact,

Convenor of National Contact Group

and EXPLORER I Chief Scientist
EXPLORER II Chief Scientist

Co-ordinator of Edinburgh Group
JOHN MURRAY I Chief Scientist

JOHN MURRAY II and CHALLENGER
Chief Scientist

INOUT Project Manager
and CIROLANA Chief Scientist

JONSIS Secretariat

British Oceanographic
Data Service

UNITED STATES

~ National Contact
and KNORR Chief Scientist
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Svansson, A., Dr.

Steele, J., Dr.

Adams, J.A.

-Robinson, G.A.

Williams, R.

Bruce, R.H., Dr.

Ramster, J.

Abrahams, Vivian

Pollard, R., Dr.

Fishery Board of Sweden,
Institute of Marine Research,
Hydrographic Department
Box 4031

S-400 40 Gotebhorg 4

Telephone: 24 01 64

Department of Agriculture and

Fisheries for Scotland
Marine Laboratory
P.0.Box 101 )
_Aberdeen AB9 8DB

Scotland
Telephone: 29944
Telex: 73587

Institute for Marine
Environmental Research (IMER)
Oceanographic Laboratory,

78 Craighall Road

.Edinburgh EH6 4RQ

Scotland

Telephone: 552 4250

Ministry of Agriculture,
Fisheries and Food,
Fisheries Laboratory
Lowestoft, Suffolk °

Telephone: 62244
Telex: 97470
Telegrams: FISHLAB LOWSTFT

c/o Natural Environment
Research Council
-Alhambra House, e
27-33 Charine Cross Road
London, WC2H OAX

Telephone: 9309232
Telex: 916472
Telegrams: Envre London

Institute of Oceanographic
Sciences
Wormley, Godalming, Surrey

* Spencer,; D.VW., Prof.Dr. Woods Hole Oceanographic

Institution
Woods Hole, Mass. 02543

Telephone: 548 1400

?l
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um..ent may call dlrectly on the correcpondmg scanning frequency (R.R. 1062AP/AQ lar 2 apply). for further partlcu..ars refe* to

g. PCH de P:QR/OBS) After
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" Distributed by the ‘Project Manager:

Harald Duchrow, Sonderforschungsbereich lieeresforschung (SFB 94)

can cer Universitdt Hamburg,

D-2000 quburg 12, Bundesstrasse/Sedanstrasse (Baracke SW)
Telephone: {(o40) 4123—4236 o '

Telex: 214 732 uni hhd _ ' .
. Hamburg, 11April 1976

To: .
- the JONSDAP 76 Co-ordinators

- the FLEX Chief Scientists 1)

=

(names and addresses: see Annex & of FLEX Information 4).

1. State of Fladen Ground Experiment 1976

In spite of Very bad weather conditions, the first cruises

of R.V. METEOR (4 - 17 March), of R.V. GAUSS (3 - 25 March),

‘and ¢f R.V. VICTOR HENSEN (22 - 31, March) have been success-
fully termineted. |

R.V. METEOR started again for the Fladen CGround an March 23,

one day behind -schedule. Sﬁe is wvorking inside the FLEX bhox -

since March 25, the precgramme being slightly reduced because
of 7 - 8 Beaufort.: Shé had contact with R.V. VICTOR HENSER

and R.V. ARGOS.

1) It would be appreciated if those who have received this
documeont- could ceopy the relevant parts for their colleagues
who are interested. A Limited number of copies is -also

available in Hamburg




The "MECHELEN" started her cruise, according to plan, on

20 March but, because of the bad weather, she could not

yet begin her work in the FLEX area. She stands by near

the -Scottish coast waiting for better weather conditions.

As reported from R.V. METEOR, the plankton bloom has not
yet started. The meteorological buoy of Mooring iio. 25
(= J 76 94) near the centre of the FLEX box has dissappeared.

Ships have been informed.

For further news see Annex 5.

Aerial Survey Base

The aerial survey‘group will be on stand -~ by at Sumburgh,
Shetlands, from 2 April to about 7 May. '

vAdress:'R. Doerffer or Vv, Amann (DFVLR)

c/o Sumburgh Airport Hotel
Sumburgh, - Shetlands

Great Britain.
ATelephonéA(Hotel):‘20‘123
‘Telex: 75 355

Cruise Reports and Inventories

The Chief Scientists of the FLEX 76 vessels are invited to
send a copy of their cruise reports and inventories to the

Project Manager.

“Annexes:

1. List of FLEX 76 Ships
(Amendments to Annex 1 of FLEX Information 4)

2.  Instructions for Nutrients Intercalibrations
(by R. Johnston) (Copies of this document have earlier
been distributed to Pichot, Eberlein,

Weichart, Spencer, Cieskes, Ramster),




- Cruise DProgramme of R.V. ANTON DOHRN(by.H. Weidcmann)

Programme of Cruise II. of R.V. FRIEDRICH HEINCEE
(by H. Weidemann and.M.. Gillbricht).

'JONSDAP‘76'~AAbérdeen Communications Centre:

Bulletin No 1; 24 March 1976

{by H.D. Dooley).

Cruise Programme for R.V., CIROLANA, 1 - 6 2 May
to 14 May (by R. Williams)




- Annex 1

-»d

FLEX 76: List of Ships

(Amendments to Amnex 1 of
FLEX Information 4) :

T
CALL | SHIP CRUISE SCHEDULE CHIEF TRANSMITTER RECEIVER
SIGN (PORT-TO-PORT DATES) SCIENTIST FREQUENCIES FRECUENCIES

{\&ALTER VON : HF 1.5 - 24 MHz, A 3, 2 1
DBYE |LEDEEUR 2 - 23 June Schunk MW 410 - 512 kHz, A1, A 2

- I(instead of " (London - Kiel) ' UHF 225 - 399 MHz
MAX VALDECK) : VHF radio: 28 channels

DSCZ PLANET 20 April -~ 7 May Schirmer VHF air radio: 118.5 - 135 MHz
(Tele~ ' (Kiel - Bergen) ' ' (channel distance: 25 kHz)
phony: ! . 1o - 31 May Sellschopp UHF air/ship: 255 N 399'5_M22 KH
charlie/ - (Bergen - London) : (channel distance: Eo . z)
zulu ¢ . ' HF 2 - 30 MHz, totally synthesized
- 2 -21 Jure Schunk A1, A3 and F 1 (RIT) - S0/75

i (London = Kiel) : Pand A3A,A3J,A38EH

MF 410 - 512 kHz A 1, A 2 -

§ VHF radio: 57 channels




Aberdeen 19.3%.76

- a

FLEX 1976 . INSTRUCTIONS FOR NUTRIENTS INTE RCALIERATTIONS

Freaueney

A minimun of two intercalibrations for each mode of analySis employed
should be worked oy each ship on each v10,t

A. Continuous analysis (sensitivity and zero error)

List nutrient results for 1Okm> control station-+ 10km (see Lppendix A) also
indicate the sensitivity of the analyzer for given levels of oxygen. or nutrients.

B. Vertical profile, water-bottle sarnles (inter- -ship comparison of result s)

Each ship should COller from one sampler duplicate nutrient samples for
vertical prOLIIEo worxed at thes control station. One set of samples should be
passed to "Meteor" (or "Anton Dohrn") for analysis and in e/chance a set of
MMeteor" profile semples will e obtained

On the second calibration £ill the duplicate set into "Meteor" botiles and
collect your own bottles with a set of samples from Meteor". (This should limit

the disruption of sample bottle series.)

List your results as in Appendix B.

-C.  Calibration test ("Meteor" and other snios)
o (Renrodhc1bility, colour production)

"Meteor" will be cnecking nutrient cal:brations against Sugawara standards. out
in general ICES Cooper tion Research Reoort A29 will be followed.

Ships should report how.zero nutrient is determined ez, distilled water or
synthetic sea water.

Report also the best five successive calibrations using blank plus spike
. additions of standard solution, (see Appendix C) spread over one or several days.

[

If time allows do additional calibrations using nitrite to check nitrate
conversion ef11c1ency

D. Preservation test (For those ships collecting and storing samples)

Work a vertical water-bottle profile at the central station, collecting
samples-in duplicate, from the same sampler. Pass one set to "Metcor for
immediete analysis (state nutrients for analysis) and collect a "Meteor" set.
Preserve both sets in customary fashion. '

‘Use Appendix B to report your results and give a brief account of the
technigue for preservation used. :

Reporiing back

The intercalibration exercise may well relp. to orientate the intcnorcta 10
of the main Flex rutrients data vank. It . will help everyonc if Appendices A ,B,C
are compiled carcfully and sent to Dr R Johnston, MARINE LABORATORY, P.O. BOY .Ol,
VICTORIA ROAD, APERDLEN, AR9 EDL, as soon as analyses arc completed and checked.
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APPENDIX A

:TSﬁip:~ » ' Date:~

Analyzer
Sensitivity
Observed content . :
Time : ,_02. ;Poh o ._NQ3 -S81  { Other
Position 100% O2 saturation
10Km N . = . . e
. = .scale divisions
6 1 ug-at P0h4P¢m_3 =
i ‘ ) : .
- . ) T T (state colour units)
Central Stn, . . ' o -3
_ \{ —W -
2Km S . o B IR ; ' 10ug-at NO,—Ndm
L (state colour units) o
6 _ .
. ) .—? N
F—ai j _\I s S =
8 lO/uo at N02 Ndm
10 (to check HO3 > NO, .
1 9%
efficiency)
GMT f _ : 5 /ug—at' siam 3 =

(state colour units)




APPENDIX 2

Ship:-

UhiPﬁ snmples Date:—~ - . "Date:-

b r

4 7
Dept T'ine Iy 51 G ’
lfpth llH% O2 POh 103 u102 i Time 0 IOh

—
<
C

Lo

Sioe_

0 ' : i

10 H

20 ' i

. "Meteor" samvles Date:- , . . Date:-

- Depth Time | O PO, Yo, | Si0, | Time o, PO, NO, 510,

10 N Co ' o

20 i

30 - , B - T A

50 e ] L | i

75 S ' - i

Preservation: - (1) Aralysis date

~ (2) Outline of procedurec




APPENDI X

c

Ship: -
Nutrient Célibration ~ Phosphate (discretc samnples)
1 2 3 . l; 5
Date Date Date Date Date
Tine Time Time Time Tine
Reading Reading Reading Reading Reading
Blank Blank Blank Blank Blank -
40.1 +0.1 +0.1 +0.1 +0.1
+0.2 +0.2 +40.2 +0.2" +0.2
+0. 4 +0.L4 +0.14 +0.h +0.h
+0.6 4+0.6 +0.6 . +0.6 +0.6
+0.8 +0.8 +0.8 +0.8 - +0.8
(Unit is ), "Blank" is ‘ '
spike should increase "Blank" by 0.1, 0.2 ~—- o8 at POh—P/l
Nutrient Calibration — Nitrate (discrete .samples)
. 1 o 3 L 5
Date Date Date . Date Date
Time " Time Time Time Time
Reading Reading Reading Reading Reading
Blank Blank Blank © Blank Blank
+1 +1 S+l +1 41
+2 C 42 +2 +2 +2
+h 4k +h +4 +4
+6 . +6 +6 +6 +6
+8 +8 +8 +8 +8
(Unit is ), "Blank" is
: spike-should increase "Blank" by 1,2, --- ,ug-at NO -N/1
. Nitrate reduction ' ‘ / 3
L 1. 2. 3.. L, 5.
efficiency:— __ . . . . .
S Futrient Calibration - Silicate (discrete samples)
) 1 2 3 l 5
" Date Date Date Date Date
Tinme Time - Time Time Time
Reading Reading Reading Reading Reading
S Blank Blank- Blank Blank Blank
el +1 +1 +1 +1
2 2 T2 +2 . +2
+h +h +ly + - +h
46 +6 +6 +6 +6
-8 +8 48 - +8 +8
(Unit is ), "Blank" is
spike should increase "Blankx" by 1,2 ——- U8 at Si/l
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JONSDAPR 76

FLEX'"T6

Fahriprogramm

FFS " ANTON DONRN "
5. April = 7. liai 1976

(Stand: 20;3.76)

ﬁé' __INOUT

1. Die Aufgaben der "YANTON DOHR““ nncrhdlb FLLX'?o

_______ m~____~~____*_~___“~_~~_~__~*_“~~~______*
Die 189.(71.)Reise des FFS "AHTON DOHRE" ist ein Tell'des
Gesamtprogramms "PLEX'T76M, Dieses_interndtional koordinierte
Experiment hat sich zum Ziel gesetzt, die biologisch—chemiséh—
.physikalischen Vofgénge wahrend der Frﬁhjahrse?wérmung unad
der ersten Planktonbliite im Seegebief des Fladengrundes’
(ntrdiiche Nordsce) mﬁglﬁohst itickenlos zu crfassen; Dief,
SO gewondenen Dzten sollen u.a. als quantitative Basis zur
Entwicklung eines mathematlschen rModells der Prlmcrprodu&tlon
im ¥eere dienen,
. Die Gesamtdaucr des.Exporiments betrigt etwa 3. Monate (Mitte
Mérz bis Mitte Juni), die Zahl der telanhmenden Schiffe '
‘aus -6 Lzndern mnehr als 15, '

Wahrend der etwa 5-woch1gcn Betelllgung der “ANTOV DOHRN" -
qlna 1olgenue Aufgaben vorgesehen: .

a) im ersten und letzten-Abschnitt (je etwa 1 Woche)fwifd
‘nahe dem Zentrum der -sogen. "FLEX-Box" - einem Gebiet von

100 x 100 km auf etwa 59°N und 10B - je ein Vermischungs—
Versuch mit dem Test- Farbstoff Rhodamin B durchgefiihrt,
~Parallel hierzu werden zweimal toﬂljoh Stationen mit Standard~

Lien

messungen der hydrographisch-chemischen Parameter und Plankton-
Schopfproben gefahren, erginst durch Schleppfinge mit dem

ZoonlmnktonfschlieBnetz.
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b)tIm mittleren Abschnitt von etwa 2. Wochen Dauer werden
(widhrend der Abwesenheit der "METEOR") viermal téplich.

Standard-Stationen der oben begchriebenen Art durchgefiihrt,
und zwar um O, 6, 12 und 18 Uhr Ortszeit.
¢) Wihrend dieses mittleren Ab-chnitts wird "ANTON DOHRN"

guch die Punktion des Kommunikationszentrums zwischen den

im Arbeitsgebiet anwesenden Schiffen sowie mit dem auf den
Shetlands stationierten Forschungsflugzeug der DFVLR und mit

der Landzentrale beim Marine Labor<tory Aberdeen ibernchmen.
Hlerbel hdndelt es sich um den taglnchen Austausch von allge-
meinen oder quantitativen (Daten- )Iﬁformat1oncn, um die Ab-
stimmung von Treffpunkten, Vergleichsmessungen, usw,

MSuaheduaprisuilng 1 Ipuipilpeqneiraipin Adhuipus S SoFpruidiipety

Mo, 29.3, bis’  Anlietern derVAusrﬁstdng, Einbau der

"Fr. 2.4. : mit Werfthilfe an Deck zu befestigenden
4 Ausriistung (Container, Winde, Tank)
Sa. 3.4. : A(Ausrustung und Beladung, soweit ohne
So. 4.4. Besatzungshilfe mdglich)

Mo. 5.4.. 11 Uhr Auslaufen (Einschiffung der Teilnehmer

' ~ spatestend eine Stunde vorher!)

Mi. 7.4. friih Eintreffen im Arbeitsgebiet, Kontaktaufnahme-
mit "METEOR". Probestationen aller Diszi-
plinen, Schleppversuche mit Netz und

“"Delphin", Vorbereitung des Rhodaminver-
suchs.

Do. 8.4. 06 Uhr- Standard-Station -
' 09 Uhr Ausbringen des TFarbstoffs, Beginn des

Vermischungsversuchs, Beobachtung der
‘Entwicklung des Farbflecks,

18 Uhr Standard- Statwon (auBerhaldb des Parbflecks)
: Nachts Verfolgung der Rhodamin-Treibboje.

Fr, 9.4. 06 Uhr Standard-Station
ca,8-16h Vermessung des Parbflecks, gef. anschlielBend
Aufnahme und wiederauslegung dexr Boje ‘

. 18 Uhr Standard-Station

Sa.10.4. s
bis Di.13.4. (wie 9.4.)

Di.13.4. 18 Uhr Standard-Station neben "METEOR", dabei
Austausch von Persbnen.und Material




Nl j. °

4.4,

bis

Ctlo]‘l‘ii (3 Z).UO 40"

(ca.) Ii.28.4.

Mi.28.4.

09 Uhr

Mi.28.4. bis
4.5.

Di.
Mi.

Mi.
Fr,

5.5.

5.5.
7.5.

06 h

mittags
.ca,08 n

-mittags'

abends

' Stnndard«Stntioncn'nm'O, 6, 12, 18 Uhvr

Zusammenarbelt wmit "FRIEDRICH HEINCKEM
(Bojenexperiment) durch Beobachtung dex
Treibbojen mit Radar,

-Zwischen den Stationen etwa einstiindige

Schleppfahrten mit "Delphin"(Chlorophyll-
registrierung) und SchlieBnetz; dazwischen
Abwasserabgabe in ﬂqu01ChOnde wstand von
der ZentxalﬁtatJon. -

(bel Ruckkehr der "KETEOR"): Ubergabc]voﬁ
Personen und Material : v '

Ausbringen von Farbs tofflosung, Bewlnn des
zweiten Vexmlcchung versuchs.

(Vermis chung ~Vermessungen und halbtqgllchb
Standard-Stationcn wie 8.4,-13.4.)

letzte Statlon, ggf, Materlalubernahmé von

MEETEOR"

Ablaufen Richtung Cuxhaven

An Cuxhaven - A
Abgabe von Container, Winde, Tank und Zubehor
Auuschlffunﬁ von Teilnehmern und sonstiger
Ausristung.

ab Cuxhaven-

an Bremerhaven

3, Fahrtteilnehmer

. e e e am e e i e v o = —

Fahftleiter

Dr H Ueldemann, Dir.u. Prof., DHT Hamburg

~‘Physikalische Ozeanographie, Verml"chunvovprsuchc

~Dr.Weidemann, H.
Holzkxamm, F,
.Tolkiehn; U,

DHI,_Hamburg

Wiistefeld, U.

Dr,

“Pries

Meerecschemie:

Dr,

Weichart, G.
- Gumprecht, K.
Schulz, Irl.

Bartcl | :}Inst,f.AngewaPhysik;

Univ., Kicl

DHI, Hamburg

,Neubaugr, rrl,
Meeresbiologie:

anpnrn]npnpo

Prof.
~Dr.iMartens-

Dr.Gillbricht, M. } Biol.Anstalt Helgoland .

Kopp Inst.f. Uydrob1010g1c libg.
RoBlenbroich . Fachber.Biologie,FPkft/M.
Dr. Joiria, C. ‘

van Thomme

‘}PTeie.Universifét Briissel

RJchuer, B. _ Meteorologisches Inst.

uthardt , d.Unlv: Homburg
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Arbeitsprogramm Ffilr F,K, "FRIBDRUCH HBEINCKLM
2. Teilfahrt vom 12,5, - 26.5.76

Wihrend der zwowtcn Tejilfahrt der "IF,HEINCKE" ist eine Zusammen-—
arbeit mit VIS "GAUSS" vorgesehen, die im gleichen Yeitraum

im Zentralbereich des Arbeits L001cte“ "FLEX-Box" (Fladengrund)
Vermischungsversuche nit dem Farbs»off Rhodamin B durchfiihren
wird, Wihrend die "GAU°“" die Vermischung im Oberflichenberecich
untersucht, wird von "I, HETRCKE" aus der gleiche Fafbstoff in
die Sprungschlcht injiz 1evt, um die Vermischnungsverhidltnisse

in dieser Tiefe zu studieren, Diese Arbeiten, die unter LeLLung
von Dr. G. Xullenberg (Insuitut flir Physikalische Ozeanogra phle
der Universitdt Kopenhagen) durchgefiithrt werden, erfordern es,
daf3 das Schiff am Ort der Farbstoffauﬂb”ingung treibt. Die
P081t10n wird dabei laufend reglstrlefu (Decca-Plotter bezw,
BOJ np011unﬁen), die Farbsioffkonzentrstion wird dabei mit
optlschen Instrumenten gemessen, die in die Sprung schlchttlexe
gehdngt wcrden. '

Parallel zu di@sen Hauﬁtun+éruuoha1ben sollen Kontlnunorllcnp
Chlovophyllrevlsillorunven im Oberfléchenwasser brPOT”en
(Nayuerentnahmc aus der AquurlonpuMpe), und- ferner werden
‘einzelne Probenserién mit Wasserschopfern entnommen, wum die’
chemischen und Plankton-Untersuchungen des FLEX-Programms zu.

ergidnzen,

'12;5° morqénsi _Ab Helgoland . -
‘mittags: an Cuxhaven
Nachmittags: Beladung und EBinschifiung
abends: ab Cuxhaven, Ricutung Pladengrund
14.5. mittags:- an Arbeitsgebiet ”“l“X»BO""
.nachmittags: Vorbereitungen uné Erprobungesn fir die
‘ | Lxperimsznte

15.5. bis 18.5.: erstes Eipsriment
18.5. abends: Ablaufen tichtlung Aberdeen
19.5. mittapgg: an Aberdeoen

nachmittog:; ﬁnsserubarnahme; lean1“u rnapme von "MET}ORﬂ

abonds abh Averdecn

J
_~,..__~__i
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20.5. mittags: an Arbeitsgebict "FLEX~Box"

20.%. bis 24.5%.: zweites Bxperiment

24,5, mittugs: Ablaufen Richtung Cuzhaven

26.5. morgens: an Cuxhaven .
vormittags: Entladen, Ausschiffung der Wissenschaftler
&bends:  an Helgoland B ' '

'Fahrttowlnehm(r

Fahrtleiter: Dr.G. Xullenberg % Inst.f.Phys.0z=mographie

J.Hansen d.Univemitsat Kopenhagen

Dbr. G. Evané ‘ Mariné Laboratory, Aberdeen.
P.lMangelsdorf - . BAH
N.N. - -~ IfM, Kiel
N- No
~ (Stand:  15.3.76) . |
. . . . IHI"" ."‘. o ..‘;,/'
t _Zgb\ («C/K/\fvw ,{ _ ,"’ [Qﬂ-//{/l

(Prof Dr. 1. Weldemdnn) (Prof.Dr.M.CGillbricht) -

. Verteiler :

A ren v S wom -

;An den Llrckior der BAH, Herrn Prof.Dr. Klnnc

Palmaille 9, 2000 Homburg 50.
'Aﬁ die’Verwaltung der BAH, z.Hd. Herrn Kersten
~ Palmaille 9, 2000 Hamburg 5o
" An die. Schiffseinsatzleitung der BAH, z.Hd.Herrn Dr.Moebus
-An den Kapitdn FK-"FRIEDRICH NETNCKE", Herrn H.Falke '

“An Herrn Dr.G.Kullenberg, Institute of Physical Oceanography,
' .‘Huraldsgade 6, 2200 Copenhagen N, Dédnemark
An Herrn H. Duchrow, SFB 94, Universitidt Hamburg,'
Bundesstr./Sedanstr. ,Baracke, 2000 llamburg 13

Xopien an: DUI / Prof.Walden, Prof.Weidemann
BAH/ Prof. Gillbricht
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Annex O

JONSDAP 76 - ABERDEEN COMMUNICATIONS CENTRE
BULLETIH XO. 1 24 HMABCH 1376

The purpose of this bhulletin is to summarise progress in JONSDAP 76 and to
provide inforiua.ion on ihe present status of moored buoys and of northern MNorth
Sea fishing and oil activities. . Turther editions will be produced whenever ihe
need arises. -

1. lMoored buoys , e e TN

a) All the moored siations were on positioﬁ”vcil.befére the deadline of
0000h on 15 March. ~Stations 32&37 vere not delOJer

b) Slations 53 —~ 57 consist of 3 buoys each,' One of the buoys at 53 has
broken adrift and washed ashore at COllnu&jn Orkney. )

c) The buoys at T4 and T5 have also broken adrlfu and washed ashore at
Stronsay and Sanday (Orkneys) respeciively. -The 74 buoy has been
returned to Aberdeen. This buoy had broken adrift because the buoy wire
had become caught on a sca bottom obstacle. 1o informaiion is yet
availablie regarding the other two buoys.

d) A seine net bhoat became caught on 40 on 21 March. Our informani tells
' us that the boat got clear but the surface buoy may be danaged.

2¢ F1°h1np a011V1t1e3

. Very little trawling is going on in the mooring area eyccpt for intense
Russian activity east of England. Two Scottish shrimp irawlers have
been engaged on the Fladen and it is likely that this activity. mey
jncrease. There is much seine nei activity over a wide area, especially
east of Orkney and Ling Bank.

3, 0il Acfivities : .

The vessel ?P\01or9'"111 be carrylnb out a seismic °urvey between .

55°0 and 62°1 and 3°E and 4°¢ from 1 April for about 1 month. She will
be towing a 2500 metre long cable and use airguns as the energy sources
Attempts are being made to coniact Pivplora' to make sure she knows about
JONSDAP 76. Information is coming in on a large Rhodamine B projeci near
the south western corner of the FLJk bow and details will be nrov1ded

when available.

" 4. The followwnv ‘message has heen received fron the JOFSIS secrctamam°

tOur very best wishes for the success of JOUSDAP 76 -
Vivien Abrahams and John Bridger.'

’.H'D'Dooley
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ANSTITUTE FOR. MARINE ENVIRONMENTAL RESEARCH  CRUTSE PROGRAMME | b

IMER/FLEX/4/76
VESSEL . "R.V. CLROLANA |
CRUISE_PERIOD 1-6? May to 14 May 1976
PERSONMEL © IMER, Edinburgh

R. Williams, PSO.(Senior Scientist)
P.C. Reid, SSO

DAFS, Aberdeen
J. Dunn, SO

ITINERARY . . The starting date and duration of the second leg of this cruise!
depends on the compLetlon of the MAFF JONSDAP commi tments
during the first leg of this cruise.

Fri 30 April Message from R.V Cirolana to DAFS (Aberdeen)
giving progress rgport on crulse and ETA at
Aberdeen.

Tue &4 May - Probable docking daLe in Aberdeen,

Wed 5 May R, Williams, P.C. Reid and equipment transportcd
by laboratory vehicle to Aberdeen, load IMER
and DAFS equipment aboard, :

. - Personnel sign on,

Thu 6 Sail Aberdeen (mld day7),

Start horizontal profiling equ1pment aud
meteorological obsexvations,
Proceed towards the FLEX squarxe along the
S IN-0UT line TLSW atbt maxinum cruising speed
Start CPR tow when depth greaster than 50m.
Fri 7 Arrive centre of FLEX square Station 9
(4am) Work central station - two reversing water-—
: bottle casts (9 depths)..
Oblique haul with HSLE system.
LHPR oblique haul (06.00 hrs).
Proceed towards Station 1 ,
12.00 Arrive Station 1 _. : [ —
Two reversing water—bottle casts (9 depth)
13.00 Start HSLE g11d (at 5 kts) and work Stations
. 4’)8 T
Tue 11 May Complete NSLE grid and Station 8.
(early am) Proceed towards Station 9.
17,00 Arrive Station 9 .
- Two reversing water-bottle casts (9 depths).
18.00 LHPR oblique haul.
Oblique haul with HSLE system;
. Proceed tcwards Station 1.
Wed 12 May  Arrive Station 1 and await arrival of
(early am) R.V. Explorer. v
Two ship comparison (Chla, Temperature,
salinity and nitrate if possible) along grid
track for as long as it is possible for
CIROLANA to remain in the area.
- Fri 14 May Stop horizontal profiling equipment and metecro-
: logical observations . '
Dock Crimshy
Official driver with laboratory vehicle to
: ‘ arrive Glebe late afternoon.

Unload equipment .




Annex 6/2

sat 15 May IMER staff and equipment to travel back to

_ﬂO CllVFS . The cruise has two main objectives:

19

2)

There are three subsidiary objectives:

5)'

3)

4)
< PROCEDURES AND 1.
‘METHODS ' o

20

‘the Orkaey-Shetland inflow

station:

. 2.2 Water samples from nine depths (sce 2.1) for

2. INSTITUTE FOR MARINE ENVIRONMENTAL RESEANCH

Edinburgh

To describe the horizontal variabilit/ of the physi .
chemical and blologlcal processes over the FLEX square
(see Fig. 1)

To describe the vertical variability of the phy51cal
chemical and biological processes at Stations.near the
margin and at the centre of the FLEX square, -

To make physical and chemical measurements and to
sample the plankton along the IN-OUT line ILSW acreoss

To contribute to the collection of meteorological data
as requested in Annex 111 of the repoxt on the JONSDAP
76 meeting at Aberdeen : i
To make comparative measurcments (temperature,
chlerophyll a, nitrate and salinity) with R,V.Cirolana
and R.,V. Explorer steaming a small distaunce apart i
(A~ 1km), either side by side or one behind the other,
to study small to medium scale ccherence of the

P Biwin e e vemes

horizontal variability at 3m.

The first objective will be met by making one quasi-
synoptic survey of the FLEX square. 'The survey will
consist of a pass over a 720km grid consisting of sevent.
90 km N-S legs, 15 km apart (Fig. 2). The pass will
take approximately 4 days at 5 kis and the following !
measurements and samples will be taken: i

1.1 Temperature, salinity, in vivo chlorophyll a
and nitrate at 3m using the ship's noa'toxic sea- |
water supply (MAFF) .

1.2 Samples for chlorophyll a and phae ophytln from

: the pumped sea-waterx supply (for Lallbratlon 2 per.
~hour) . :

1.3 Micro- and macrozooplankton szamples taken by
oblique hauls from near-bottom to surface at Skm
intervals with the HSLE double net sampler (68um
and 250pm mesh) (DAFS).

The second objective-vill'bé met by working stations °
1-9.

The following measurements will be taken at every

2.1 Temperature and salinity from water samples
taken at depths (3, 10, 20, 30, 40, 60, 80, 10Nm
and near bottom).

nitrate, nitrite, phosphate, silicate,
chlorophyll a, phytoplaunkton cell counts and
mxcroxooplankron counts (all analysed ashore).

The/



EQUIPMENT

REQUIRED

" The following samples will be taken from the ronrral

- station only:

2.3 Micro- and macrozooplankton from near-bottom to

' surface by oblique hauls with the High Speed
Loch Ewe (HSLE) double nct sampler (68 and
250pm mesh) to determine C/N values, length/
weight ratios and calorific values (IMER).

2.4 - Zooplankton from near-bottom to surface by
oblique hauls with the Longhurst Hardy Plankton
" Recorder (LHPR) with Sm depth resolutions (280um
mesh) (IMER).

The third objective will be met by taklng measuremants
as in 1.1-1.2 and by towing a Continuous Plankton

"~ Recorder (CPR) while on passage between Aberdeen and

4.

5.

the FLEX square.

'ﬂThe-fourth'objectivé will be met byi

4.1 Taking the following observations at hourly
' intervals whenever possible throughout the

cruise.

-Position o o i_inm(

Wind speed and direction + 1xm, + 1° .
Aix tewparature | i_O;l?C |
‘Humidity (or wet bulb

temperature) - _ . * 17 (v 0. .1 C)’

-Sea surface temperaturé j_O.léC
‘Pressurq . ' | i_O.l Fiith)
Cloudiness B ) T
-Sea state

.Copiles of the above measurements to:
Institut- fur Hydrobiologie und Fischereiwis— . .
senschaft, Universitat Hamburg, Palma:]lc 5),

- D-2000 Hamburg 50.

The fifth objective will be met by the two vessels

" R.V. CIROLANA and R.V. EXPLORER taking duplicate
measurements with their horizontal profiling equipment

Ca)

hopefully for temperature, salinity, nitrate and
chlorophyll a. The extent of this- experiment will
be decided upon when the snlps are on station together.

Supplied by MAIT, Lowestoft

Turner Fluoriwoter
AuLuaut]y 01/
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EPreparced by:

“Approved. by:
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17.3.76

R. Williams

R.S.

Clover

4, o INSWTUTEFOR&UHWNEENV)HONMENTALRLé“nH(H‘

oo,

Autoanalyser

Thermosalinograph

1 large dowestic freezer

Precision depth recorder (0-200m)

6 NIO water bottles together with 12 protected
thermoweters (range-at lesast $5~15°C),
calibration certificates and 6 messengers

feteorological Log Sheets .

Bench Salinometer and standard sea water

Supplied by DAFS, Aberdeen

1 High Speed Loch Ewe sampling syétem and
accessories ‘ '

Supplied by MMER, FEdinburgh o « V o 3

2 Longhurst Hardy Plankton Recorders with support
gear '

Salinity samplo bOLtleS

Nutrient vials (glass and polyihene)

Filtering equipment, vacuum pump, storage jars
distilled water, formaldehyde

1 Continuous Plankton Rcco*dcr with support cear

For Pigs. 1 and 2 see Annex )/17 qnd 3/18
of TLEX Information 4




REPORT ON THE FLREY PLANKTON STUDIES WCRKSHCP
HELD AT THE MARINE -LABORATORY, ABERDEEN,
30 OCTOSEER - 3 NOVEMBER, 1975

By J.A. Adanms,
Marine Laboratory, Averdeen.
(Workshop Organizer)

1. INTRODUCTION

During the meeting of the ICES/JONSIS Working Group on JONSDAP 76 at

De B3lt in June 1975, it was suggested that the various plankton studies
proposed for FLEX 76 should be considered at a Workshop at Aberdeen. The
present writer therefore arranged a Workshop which aimed to ensure, wherever
possibles

‘ (i)- that the techniques used by the various institutes are standardised,

.(ii) that arrangements are made to carry out intercalibration experiments,
(1ii) that the programmes of the various institutes are complementary, and

‘(iv) that the maximum mutual assistance is arranged in the obtaining of,

and the analysing of, data, :

and it was with great pleasure that, on 30 Cctober 1975, fourteen scientists
-at the Marine Laboratory welcomed nineteen other scientists (Appendix I) to
. Aberdeen.

The afternoon of 30 October and the whole of the 31 October were devoted
to. descriptions of the techniques which the various participants proposed
to use during FLEX 76 while on the 1st, and for a short period on the 3rd,
{wo sub-groups considered the proposed studies in greater detail. The two
" pub-groups then reported to a meeting of the whole Workshop and, following
a general. discussion, the Workshop closed at 4300 hours on the 3rd of
November. Appendices IT and III give respectively a summary of the programme
and lists cf the membership of the sub-groups.

No attempt has been made to present here summaries of the contributions
given on the 30 and 31 October since some of the detail of these were ‘
necessarily changed by the subsequent discussions.

‘The writer must thank the Werkshop participants; the success of the
Viorkshop is entirely due to them. He must also thank P. Polk and R. Williams,
who co-ordinated the activities of their respective sub-groups, while his
special thanks must go to D.D. Seaton and H.G. Frones who had to praduce
written reports on the activities of .the sub-groups in all-too-shert a time,

* On.their reports, the second section of this report is largely based.

2. DECISION AND RECOMMENDATIONS OF THE WORKSHOP

‘Decision and recommendations made by the two sub-groups have been
combined to give a coherent account of the actions which will be taken by
individuals or groups in preparation for, or during, FLEX 76 and of the
factors wnich should be taken into account when the final details of the
FLEX 75 programme are being decided upon. Some of the decision and
reccmmendations were discussed further during the subsequent meeting of
the ICES/JCNSIS Working Group on JONSDAP 76 at Aberdeen on hth-5th November
and, where appropriate, information on these discussions is given as footnotes.




It is expected that, with a very few excepticns, the groups which have been
given the task of agreeing the detail of various standardised methods will
do so by letter, and that the methods which they recommend will he issued in
a supplement (to this report) to be issued about mid-January 1976. It is
hoped that the mid-Janvary supplement will also. include the descriptions of
certain techniques which individusls have been asked to prepare for the
benefit of FLEX participants.

2.1 Decisions Relating to Phytoplankton Studies

2.1.1 Thne measurensnt of Chicrophyll and other pigments

I.E. Baird, W.W. Gieskes, E. Hagmeier, K.J. Trahms and J.P. Mommaerts
will consider the various techmiques for the measurement of chlorophyll and
other pigments and will provide details of the techniques which should be
used. .

2.1.2 VWater bottle samples for phytonlankton cell counts

M. Gillbricht will provide details of how best to obtain water bottle
samples for phytoplankton cell counts and of the Lugols solution to be used
as a fixative and preservative.

M. Gillbricht believes that he will be able to analyse samples (250 ml)
obtained by other participants but those who wish to send samples to
M. Gillbricht should contact him as soon as possible.

2.1.3 Analyses of phytoplankton samples

When phytoplankton samples are analysed to give numbers of the various
organisms (cell counts), the analyses should be done in such a way that,
as a minimumm, information is obtained on the total numbers of (i) diatonms,

, (ii) peridinians and (iii) other algae. By using suitable conversion factors
. (see 2.1.4) these data can then be converted to standing stock data for each

of these three groups in terms of dry weight or carbon.
More detailed analyses should of course be done whenever possible°

* The phytoplankton species likely to be found in the FLEX box w111 be
included in the list being prepared by R. Williams (sce 2.4.1).

2°1°4 Phytoplankton cell volume to carben relationships

W.W. Gieskes, M. Gillbricht, E. Hagmeier and J.P. Mommaerts will decide

.~ upon a standardised method for converting phytoplankton cell volume

measurements to carbon values.

1%

2.1.5 Measurement of primary productivity rates using C

I.E. Baird, W.W. Gleﬁkes, E. Hagmeier and J.P. Mommaerts will discuss
standardisation of the C1 technique and the construction and testing of a

- standard incubator with a standard set of filters. This incubator will

be used by all FLEX participants. They will also agree upon a standard
methed for the measurement of light and will arrange for the intercalibration
»0f filtering and counting techniques.

¥

—— e




- 2.1.6 Phytoplankton respiration

J.H. Hecq will measure the respiration of phytoplankton (see also
- 2.2.8 and 2.3.2). These studies will be done on board "Mechelen". He

will also freeze samples of phytoplankton for carbohydrate and protein
analyses.

2.1.7 Kinetics of nutrient uptake

J.M. Davies will make measurements of the kinetics of nutrient uptaice
by phytoplankton during a part of the "John Murray'" cruise and a part of

. the “"Scotia'" cruise.

2.2 Decisions Relating to Zooplankton Studies

2.2.1 The dry weight of zooplankton samples

JcA.. Adams will provide details of the methods which should be used to
.freeze and dry zooplankton samples for dry weight determinations.

2°2°2A_§gp—sampling of zooplankton samples which are to be frozen

" Whénever possible, sub-samples will be obtained from zooplankton samples
which are to be frozen. These sub-samples will be obtained using methods
to be circulated by J.A. Adams and will be fixed and preserved in formaldehyde
for future analyses (see 2.2.4). By using appropriate conversion factors
(see 2.2.5) the data obtained from the analyses of these sub-samples should
enable estimates to be made of the standing stocks of herbivores, omnivores
‘and carnivores as opposed to the total zooplankton standing stock data which
will be obtained from the frozen part of the samples. In addition, the
analyses of the sub-samples will also provide data on the abundance of the
various species and if time is not available to analyse the sub-~samples
‘completely, they should be kept for future reference.

2,2°3A Microzecoplankton

K.J. Trahms will filter five litres of water through 30/u mesh to
cbtain samples of the microzooplankton. . At selected stations he will also
use 50 u and 68 u mesh filters so that his data may more readily be compared
with the data oétained by the Marine Laboratory, Aberdeen and the Nederlands
Instituut voor Onderzoek der Zee.

2.2.4 Analyses of zooplankton samples

.When zooplankton samples are analysed to give numbers of the various
organisms, the analyses should be done in such a way that, as a minimum,-
information is obtained on the total numbers of (i) herbivores, (ii) omnivores
and (iii) carnivores. By using suitable conversion factors (see 2.2.5)
these data can then be converted to standing stock data for each of these
three .groups in terms of dry weight or carbon. '

More detailed analyses should however be done wherever possible.
The classification of zooplankters. as herbivores, omnivores and

carnivores will be according to the plankton check list being vrepared by
R, Williams (see 2.4.1).




2.2.5 The chemical composition of zoopnlankters and welgnt to length
relationships

Throughout the period of FLEX 76, R. Williams and H. Weikert will
freeze representative zooplankters for a study of the chemical composition
of zooplankters and weight to length relationships. Tan addition, calorific
values will also be determined.

The zooplankters will be prepared at sea using a method to be described
Yy R. Williams. These studies will provide weight to length conversion
factors etc which will be used by all participants for converting from numbers
of zooplankters to weights etc.

2.2.6 Co~operation on the study of the vertical distribution of zooplarkton

He Weikert, M. Bossicart and R. Williams will contact eaéh'other»prior
‘to FLEX 76 to consider further the possibilities of co-operation with

‘regard to their studies of the vertical distribution of zooplankton.

2.2.7 Intercalibration of zooplankton samplers

Participants using zooplankton samplers will arrange, whenever possible,

..to intercalibrate them during suitable FLEX 76 cruises.

2.2.8 Zooplankton respiration

J.H. Hecq will measure the respiration of zooplénkton (see also 2.1.6
ard 2.3.2). These studies will be done on board '“"Mechelen'.

2.2.9 Preperation for zooplankton grazing experiments

M. Polk~Daro and O. Cromboom will visit the Marine Lﬁboratory5 Aberdeen,
“during January 1976 so that they may demonstrate their ¢l technique for
measuring zooplankton grazing and, at the same time, familiarise themselves
with the Coulter Counter technique used at Aberdeen. Experlments will be
carried out to compare the results of tne two techniques.

2.2.10 Ammonia analysis of water from grazing experiments

On occasions water samples from gra21ng experiments will be frozen for
subsequent ammonia analysis.

2.3 Decisions Relating to Studies of Bacteria

2.3.1 Bacterial activity

C. Joiris will measure the respiration of bacteria (as an indicator
‘of bacterial activity) and the direct incorporation of radio-active organic

-matter. He will intercalibrate his techniques with those of the German
“bacteriologists prior to FLEX 76 and will liaise with other participants
“measuring the respiration of phytoplankton and zooplankton.

2.3.2 Bacterial respiration

J.H. Hecq will measure the respiration of bacterla (see also 2.1. 6
sand 2.2.8). These studies will be done on board "Mechelen'.




F
" .
‘2. Decisions Relating to General Aspects

2.4.1 Plankton check list

R. Williams will co—ord%nate the preparation of a check list of the

,Azooplankton of the North Sea‘l). By correspondence with other participants
“he will (i) ensure, as far as practicable, that the list is exhaustive,

(ii) indicate those species which are likely to be most important
ecologically in the FLEX box, (iii) indicate which species should be
considered as herbivores, which should be considered as omnivores and

- which as carnivores and (iv) decide on any size criteria which may be

‘necessary (e. g. small herbivores, large herbivores).

2.4.,2 The operation of the survey vessels in relation to the "ieteor"

The vessels which carry out the large scale surveys of the FLEX box
will work a'gr%§ with fixed geographical co~ordinates but will return
to the centrall? position at the end of each survey of the grid for additional
sampling. :

2.4k.3 Updated information on research programmes and ships' dates

Updated information on research programmes and ships' dates will be

-summarised in tabular form and supplied to H. Duchrow by early December 1975.

2.h.4 " Data management

It was agreed that the Workshop participants would follow the recommenda-
tions of the Data Management Sub-Group. It was believed that the raw data

- on photosynthetic rates, grazing rates, respiration rates and excretion

rates would be available at least in some initial form at the end of the

‘six months while the final data should be available at the end of twelve

months.

Plankton standing stock data should also be available at the end of
six months, but the results of the detailed analyses would not be available
until the end of twelve months at the earliest.

2.5 Recommendations Relating to Phytoplanktdn

20561 Exchange of allquots of sea water for the 1nterca11brat10n of

technlgues

It was recommended that aliquots from large samples of sea water (taken.
at fortnightly intervals throughout the FLEX programme) should be distributed
for the intercalibration of the technﬁques for the measurement of organic
carbon, chlorophyll, nutrients and uptake.

Footnotes 4

(1) The original intention was that the check list should list only the
plankton of the FLEX box. However, since the JONSDAP 76 data set will include
data from the whole of the northern North Sea and since computer codes are

to be allocated to each entity on the list, it has been decided that the

~check list should be for the plankton of the whole North Sea, thus laying

the foundations of a system which could be used for the computerised storage
of North Sea plankton data for future years. - :

(2) During the Workshop and during the subsequent meeting of the ICES/uONSIS
Working Group on JONSDAP 76, there was much discussion of whether the '"Meteor"
and associated vessels should be moored or drifting and, if drifting, of how
the position from which she would drift shnqu he chosen. It appcara that
MMeteor" will drift from the centre of the FLEX box and return to that position
if she drifts too far. ‘
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2.5.2 Intercalibration of nutrient analysis techniques prior to FLEX 76

The Workshop recommended that chemists participating in FLEX 76 should 1
be asked to intercalibrate the nutrient analysis techniques prior to FLEX 76 7.

2.5.3 Sinking rates of phytoplankton

Noting that Dr SchBne had withdrawn from the FLEX 76 programme, the
Workshop recommended that an attempt should be made to encourage another
scientist or scientists to study sinking rates of phytoplanktono(a)o

2.6 Recommendations Relating to Zooplankton

2.6.1 The study of the vertical distribution of zooplankton from the
drifting vessel :

Noting that the time which appeared to be available for the study of
the vertical distribution and migration of zooplankton from the drifting
vessel was inadequate, and agreeing that the obtaining of these data for the
whole of the period of the FLEX 76 study was highly desirable, the Workshop
recommended that every effort should he made to provide (i) the necessary
time for sampling every six hours (see 2.7.2) and (ii) space for appropriate
staff on the "Meteor" or another suitable vessel. Furthermore, noting that
H. Weikert had only one sampler, the Workshop recommended that. he should
try to obtain a second one.

2.6.2 TFacilities for the study of zooplankton grazing rates

Agreeing that data on zooplankton grazing rates should be obtained from
the drifting vessels for the whole of the FLEX 76 programme, the Workshop
recommended that facilit%e§ should be provided on the "Meteor" Ior two
people for these studies 3) for the whole period of FLEX 76.

Footnotes
(1) See Appendix IV to the report of the subsequent meeting of the ICES/JONSIS
Working Group on JONSDAP 76. o :

- (2) At the subsequent meeting of the ICES/JONSIS Working Group on JONSDAP 76,
- it was agreed that this should only be done if shipboard facilities could be

provided without reducing the facilities which should be given for studies of
zooplankton vertical distribution and grazing. '

(3) Discussion at the subsequent meeting of the ICES/JONSIS Working Group on

JONSDAP 76 showed that it would be difficult to meet both H. Weikert's
needs and those of the Scottish and Belgain participants interested in
zooplankton grazing rates. J.C. Gamble, N. Polk-Daro and H. Duchrow are at
present trying to reach a solution to this problem.

If "Scotia'" is available the Scottish participants will also carry out
zooplankton grazing experiments from this vessel.




2.6.3 The natural mortality of zooplenkton

Noting that no adequate study of the natural mortality of zooplankton
‘was proposed, the Uorkshog recomnended that an attempt should be made to
encourage such a study

- 2.7 Recommendations Relating to General Aspects

2.7.1 Vertical sampling depths

The Workshop recommended (i) that vertical sampling should include
samples from the surface film (if practlcable) 3 metres, 10m, 20m, 3Om,
Lom, 50m, 60m, 70m, 80m, 90m, 100m, 125m and bottom; (ii) that
additional or alternative depths should be sampled if continuous’ proflllng
systems show this to be desirable; and (iii) that, lest time or facilities
are limited, a list should be prepared of high prlorlty depths for the

'obtalnlng of various measurements.

“2.7.2 Daily sampling frequency -

The Workshop recommended that the minimum daily sampling frequency . .
‘should be based on a six hours time interval, with sampling around 0600 hours,
1200 hours, 1800 hours and 2400 hours. If an event of particular interest
occurs, the sampllng interval should be reduced to a two or four hour
interval.

2.7.3 Communication of information

‘The Workshbp‘recommended that information should bé transmitted daily
on thermocline depth, chlorophyll a, and zooplankton settled volumes
using the communication system to be set up by H. Duchrow.

(1) The comments made in the footnote to 2.5.3 would also apply to this
recommendations
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APPENDIY. II
SUMMARY OF FLEX PLANKTON STUDIES WORKSHOP PROGRAMME

JoA. Adams, J.H. Steele and P. Polk Introductory remarks.

R. Williams and R.H. Bruce Annual fluctuation of plankton in
area B2, 1948-1974 and 1958-1974. CPR and UOR phytoplankton
programme.

M. Gillbricht Sampling phytoplankton with water(bottles°

I.E. Baird Chlorophyll measurement. .

K. JUrgen Trahms In-situ-fluorometer as used from "Anton Dohrn'.
on Fladen Ground in July 1975.

WoWo Gieskes Turner fluorometry, continuous turbidometry, and

thin-layer chromatography.
J.P. Mommaerts Pigment analysis.

J.C. Gamble Use of Coulter counter.

R. Williams and R.H. Bruce CPR, UOR and LHPR zooﬁlankton
programme. . '

H.G. Fransz High~speed zooplankton samplingo

JeA. Adams A high-speed zooplankton sampler.

H. Weikert Multiple opening-and-closing net. Physical and
chemical techniques for working up zooplankton.’

E. Hagmeir Measurement of primary productivity.

Wol. Gieskes Primary productivity.

- J.P. Mommaerts Photosynthesis, excretion of phytoplankton,

and enrichment.
J.C. Gamble Grazing and excretion by zooplankton.

N. Polk-Daro and O. Cromboom Grazing and nutrient excretion by

zooplankton and the effect on phytoplankton production.

J.H. Hecq Measurement of zooplankton respiration.

J.M. Davies Deployment of settlement traps and the analysis
of material collected. '

C. Joiris Heterotrophic aerobic planktonic bacteria:
activity measurements. .

J.H. Steele, G. Pichot, J.P. Mommaerts and J.W. Horwood

Ecosystem models.
Meetings of the sub-groups.
Meetings of the sub-groups followed by the presentation of

their reports to the Workshop.

General Discussion.
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 APPENDIX III

SUB-GROUP ON -‘THE DESCRIPTION OF PHYTOPLANKTON -AND .
ZOOPLANKTON POPULATIONS A

J.A. Adams , ’ M. Gillbricht

‘M. Bossicart . N.T. Nicoll

'R.Ho Bruce : K.Jd. Trahns

D.V.P. Conway -H. ‘Weikert

J. Dunn : R. Williams (co~ordinator)

' H.G. Fransz (Rapporteur)

SUB-GROUP ON THE MEASUREMENT OF RATES

I.E. Baird J.H. Hecq

‘0. Cremboom A.R. Hiby

J.M. Davies C. Joiris

‘H. Duchrow J.P. Mommaerts

- GeTo Evans . ‘G. Pichot :

B. Frost P. Polk (co-ordinator)

J.C. Gamble (Joint Rapporteur) N. Polk-Daro

W.W. Gieskes ' D.D. Seaton (Joint Rapporteur)
E. Hagmeier : J.H. Steele .

S.d. Hay -
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